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Plroplasmld vaccine 

The invention relates to a PIroplasmid protein or an Immunogenic fragment of said protein, 
to a rtucletcacid encoding said PIroplasmid protein or said Immunogenic fragment to 
cDNA firagments, rocorrtblnant DNA molecules and live recombinant carriers comprising 
said nucleic acid, to host cells comprising said cDNA fragments, recombinant DNA 
molecules and Ih^e recombinant carriers, to vaccines comprising a PIroplasmid protein or 
an Immunogenic fragment of said protein, to methods for the preparation of such 
vaccines, to the use of such proteins or fragments, and to diagnostic tests. 



Babesiosis is a disease, which has a geographically focal occurrence. The reason for this 
is that the pathogen is transmitted by ticlcs that feed on a certain reservoir of parasites 
present in a vertebrate population. Only where ticks are present Babesiosis can occur. 

15 On balance, parUcularly in indigenous animals, the parasite coexists with the host without 
causing significant disease, in many cases Babesiosis becomes a problem because of 
man's activities through Inbreeding of genetic traite and/or transporting animals to 
unfamiliar environmente where Babesiosis is endemic (Callow, L.L. and Dalgllesh. R.J., 
1982, in: ''Immunology of Parasitic Infections", Cohen, S. and Warren, K.S. eds., p. 475- 

20 526, BlackweU Scientific). 

Babesiosis also holds a threat as zoonotic agent tor humans, not only to 
immunocompromised humans (Gray etaL, 2002, int J. Med. Mio-obiol., vol. 2gi, p. 108- 

11). j 

Signs jaf disease In naturally acquired Babesiosis usually begin 7-21 days after 
25 infection, Th^e symptoms include: fever, anorexia, depression, anaemia, 

haemoglobiniuria and rapidly developing weakness. Increased lacrimation, salivation and 
muscle tremJr commonly occur. Nen«>us signs may develop In terminal infections, and 
death may occur when the disease is left untreated. Coagulation disturbances I6ad to 
increased erythrocyte-stickine^s. As a result the blood passage through the 
30 microvasculature Is hampered, resulting In congestion of intemal organs and decreased 
padced cell volumes (PCV). Also rupture of Infected erythrocytes causes loss of large 
numbers of erythrocytes. These effecte impair the oxygen supply to several tissues and 
sut>sequently lead to tissue damage as a result of anoxia. 

Species from the Babesiidae have now been detected to infect most mammalian 
35 species of veterinary importance (Kuttler, K.L., in M. Ristic ed.: "Babesiosis of domestic 
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animals and man". CRC Press, Inc.. Boca Raton. FL. 1988): Cow (B. divergens. B. bovls. 

a bigemina). Swine (B. Irautmannl. B. pBnoncftoi), Sheep (B. wis. B. motasf). Horse (B. 

equl, B. cabam, Dog (B. caii/s. a mssi, B. vogelli, and Cat (a feSs. B. cafi). In all these 

spedes death or more or less severe economical losses (reduction In quality or quantity of 
5 meat. mHk. vuool. or offepiing). or severe^ducBon in well-being are caused either as a 

result of the Baliesia Infection directly, or through fadlltatioh of secondary Infections. 
Closely related to Baliesia are Thelleria parasites. These also belong to the 

taxonomic group of the Piroplasmlda, and show many biological and epidemiological 

relationships to Babesia. Weii icnovvn Thelleria spedes of veterinary Importance are T. 
10 patva, T. annulate, and T. s&igenO. 

Medications exist to cure an established Babesia or Thelleria Infection, for Instance 
dogs, horees and cows can be treated with imidocarb dipropionate. However such an 
Injection is painful due to tissue irritation. Further it suffers the drawbaclts common to such 
1 5 anti-parasiOcs: the prevention of a build up of Immunological memory, potential toxidty. 
and possible build up of resistance. 

it has been shown that Babesiosis and Thelleriosis can be controlled by 
vacdnatlon with live vacdnes (reviewwed in: Jenldns, M. 2001 . Vet Parasitd., vol. 101 , p. 
20 291 -310). Such vacdnes are produced by harvesting eiythroqrt^ from Infected anlm^. 
For some but not an Babesia spedes In vlUo erythwxqfte cultures have been developed, to 

Increase the number of parasites, Jhe brfedM erythrocytes from ttie animal or the 

cultures, also Imown as "stabllates", are then used to vacdnate animals. 

Stabllates for Thelleria are produced In a similar fashion, in fact, because the need 
25 for an effective vacdne is so high. Thelleria stebllates have even been produced from the 
salivary glands of infected ticks. 

General disadvantages of such live parasitic vacdnes are that the inoculation 
material Is largely uncontrolled, highly variable in its composition, biologically unsafe, and 
on the whole th© process is unethical through the use of a large number of expsrimentel 
30 snimals. Addraonally, Plroplasmld parasites are very unsiable; Uiey muai bs.keytcTA-sj^ 
iVCTO wi^ 5:rjriSjrsrtil!r-die3Jt!!d::r'. 
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suggested that the protective activity is due to the immunising capacity of antigens of the 
merozbite suiface coat in the serum or medium^ a structure that is left behind during the 
process of invasion of the erythroc^ (Ristic, M. and Montenegro-James, S., 198B, In: 
"Babesiosis of Domestic Animals and IMan", Ristic. M. ed., p. 183-190. CRC Press), in 
5 addition, during In vHm culture a number of parasites die. thereby (internal) parasitic 
antigens are released into the culture medium. 

Such SPA preparations are capable of inducing an Immune response that, 
although not necessarily affecting the parasite, sufficiently reduces the clinical 
manifestations of infection (Schetters and Montenegro-James, S., 1995, Parasttology 

1 0 Today, voK 1 1 , p. 458-462). For Instance SPA from culture supernatant of an in vitm 
culture of Babe^a canls parasite infected eiythrocytes (Pirodog®) induces immunity 
against homologous (but not to heterologous) challenge infection. 

In general, SPA based vaccines bear the same disadvantages as the live parasitic 
vaccines do, In that they are largely uncharacterised, highly variable and require many 

15 precautions to be biologically safe. Additionally the production of such vaccines Is very 

dlfHcutt to scale up, as that requires the Infection, housing and han^esting from samples of 
experimental animals to provide parasites, erythrocytes, and/or serum. 

It is an object of the invention to provide proteins and fragments thereof that can 
20 serve In effective vaccines for prevention or amelioration of Infection with a Piroplasmid 
organism, that are well defined, safe, stable, and with a production tiiat Is easy to scale 
up- 

It was surprisingly found now that a vaccine comprising one or more of five novel 
25 Piroplasmid proteins, or an immunogenic fragment of one or more of said proteins 
incorporate ail these advantageous characteristics. 

Many disadvantages of live parasite- and SPA vaccines can now be overcome by 
the use of such a Piroplasmid protein or of an immunogenic fragment of said protein in 
vaccines. Such a protein Is highly defined, biologically safe, the product can be stabilized 
30 much better than whole live parasites, and its production can be easily scaled up 

It was surprisingly found that antibodies raised against Piroplasmid proteins or 
immunogenic fragments of said proteins, effectively inhibited the invasion of parasites into 
host cells, and tiiereby interfered with the parasites' infection cycle. The proteins are 
35 therefore called: in^^sion Inhibiting antigen (ilA). 



FmD^ -7oi+Md/nci/9nrR m-m 
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The process of the invasion by a Piroplasmid parasite of Its host cell is one of the 
critical steps in the establishment of parasitic infection. By interfering at this level through - 
induction of antibodies that interfere with this step, the initial entry of parasites into the 
cells of the host is inhibited. This prevents, or at least diminishes, the level of infection or 
5 the clinical signs of disease in a host, and consequently the severity of disease. Also the 
further spread of the uisease in the urrvfronnrient is hajted or uimlrilshed because less ticks 
will become carriers when feeding on vaccinated hosts, ergo the infection pressure in the 
environment is decreased. 

1 0 Piroplasmid IIA's, which can induce protecthfe Immune responses that lead to 

antibodies that inhibit Piroplasmid parasite invasion, can be detected In Piroplasmid 
parasites. In cultures of proliferating parasites, and in infected cells by specific antisera. 
These spedfic antisera recognize these IIA also in 1 D and 2D Western blots of lysates of 
infected cells, of parasites or their cultures. 

1 5 The Piroplasmid IIA's can be expressed in an expression system. Proteins, or their 

fragments, expressed in this way can be used to formulate a vaccine vMcti protects 
mammalians from disease or its clinical signs upon infection by a Piroplasmid oiganism, 
through the induction of specific antibodies or antigens-specific lymphocytes* 

20 Therefore the invention provides a Pimplasmid protein characterised in that said 

protein comprises an amino acid sequence having a similarity of at least 70%, preferably 

75 %, more preferably 80, 85, gO, 92, 94, 95, 98, 97, 98, 99, or 100 % similarity In that 

order of preference, with the amino add sequence depicted In SEQ ID NO: 2 or 4, or an 
immunogenic fragment of said protein. 

25 

The invention also provides a Piroplasmid protein characterised in that said protein 
comprises an amino acid sequence having a similarity of at least 70%, preferably 75 %, 
more preferably 80, 85, 90, 92, 94, 95, 98, 97, 98. 99, or 100 % similarity in that onler of 

preference, v^jith the amino acid sequence depicted in SEQ ID NO: 6 or 8, or an 
30 immunogsnicYragment of said protein* 
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Typical examples of the Piroplasmid proteins of the Invention are: 

- Piroplasmid IIA number 1 from Babesia bo^ris (BIIA1) the amino add sequence of 
which is presented In SEQ ID NO: 2; 

- Piroplasmid IIA number 1 from TheHeria annulata (TliAl) the amino add sequence of 
S which is presented In SEQ ID NO: 4; 

Piroplasmid IIA number 2 from B. bo\as (BIIA2) the amino add sequence of which is 
presented in SEQ ID NO: 6; 

Piroplasmid IIA number 2 from T. annulata CriiA2) the amino add sequence of which 
is presented in SEQ ID NO: B; 
10 - Piroplasmid IIA number 3 from S. bovis (BliA3) the amino add sequence of whidi is 
presented in SEQ ID NO: 10. 



The term "'protein" is meant to incorporate a molecular chain of amino acids. A 
protein is not of a specific length, structure or shape and can, if required, be modified in 
15 vivo or in vitro, by, e.g. glycosylation, amidatlon, carboxylation, phosphorylation, or 
dianges In spatial folding. Inter alia, peptides, oligopeptides and polypeptides are 
induded within the definition of protein. A protein can be of biologic and/or of synthetic 
origin. 

20 A ''Piroplasmid protein" according to the invention is a protein, which is obtainable 

from an organism of the Piropiasmids. 

Preferably the Piroplasmid protein is obtainable from an organism selected from 
the group consisting of the species Babesia divergens, B. bovis, B. motasi, B. cabalii, B. 
equi, B. canis, B. mssi, B. vogeli, B. feiis, 5. ca% B. ovis, B. trautmanni, B. bigemina, B. 
25 microU, B. gibsoni, Theileria annulata, T. parva, T. aqui, T fatis, T. canis and T. sergenti. 

More preferably the Piroplasmid protein is obtainable from an organism selected 
from the group consisting of the species Babesia bovis, , B. cabalii, B. equi, B. canis, B. 
rx)ssi, B, bigemina, Tt\elleria annulata, T. panfa and T. equL 

Even more proferably. the Piroplasmid protein is obtainable from an organism 
30 selected from the group consisting of the spedes Babesia bovis and Theileria annulata, 
IMost preferably the Piroplasmid protdn is obtainable from Babesia bovis. 

With resped to the current taxorumiic dassificatlonp the sidlled person will realise 
this may change over time as new insights lead to redassiflcation into new or other 
35 taxonomic groups, i-lowever, as this does not change the protein repertoire of the 

organism involved, only its classification, such re-classified organisms are considered to 
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be within the scope of the rnvention. This is espedaHy relevant for such closely related 
families as Babesildae and Theileriidae. For example: Babesia equi was recently re-» 
classified as Theileria equL 

5 in order to be antigenic, a fragment of a protein needs to be of a certain length; too 

smaiS fragments Vwl!! not be processed by antigeri prassnting ceKs to frsgi«i8iit3 that arc 
able as such to associate with MHC molecules, which association is required for proper 
antigen presentaition to lymphocytes. For MHC I receptor binding an antigen fragment 
that encompasses the epitope consists of at least 8-11 amino adds, and for MHC )l 

10 receptor binding at least 11-15 amino adds (reviewed e.g. by R.N. Gemiain & D.H. 

Margulles, 1993, Annu. Rev, Immunol., vol. 11. p. 403-450. In: The biochemistry and cell 
biology of antigen processing and presentation"). Protein fragments shorter than this may 
not be antigenic as such: they need to be coupled to a carrier, such as KtH, BSA or the 
like, using tediniques known In the art. When coupled such short fragments may well be 

1 5 able to induce an Immune response that is within the scope of the Invention. 

For the invention, an ^epitope" is that part of an antigenic molecule that reacts wHh 
the antigen receptor of a T- and/or B-lymphocyte. An epitope according to the invention 
will therefore induce and/or activate specific T- and/or B-cells such that these cells give 

20 rise to an immune reaction that interferes with the course of an infection or disease. Thus, 
through such epitopes, a protein can induce antibodies and/or generate an immune 

-response... 



An immunogenic fragment" is understood to be an epitope containing antigenic 
25 fragment of a Piroplasmid protein that has the capabilify to induce immune responses 
directed against such Piroplasmid proteins, with the provision that such antibodies are 
capable of interfering Vi^ith the process of invasion. It will be explained below how such 
Immunogenic fragments can be found. 

30 An immunogenic frasnriant of a Piroplasmid protein acconiing io ths invcntlcn 
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For instance an Immunogenic fragment of a protein of a Piroplasmid protein 
according to the invention is fonned by a part of tiie protein that lades the N-termlnal 
signal sequence and/or the Otemilnal sequence. Other fragments are for instance those 
comprising a spedfic epitope from a Piroplasmid ilA protein. Such epitopes may be 
5 determined by the methods outlined below. All such immunogenic fragments are within 
the scope of the Invention. 



identiflcation of immunogenic fragments and/or epitopes of a Piroplasmid protein 
according to the invention* can be easily performed by a variety of straightforward 

1 0 techniquest for Instance by the so-called PEPSCAN method, or via computer algorithms 
that make comparisons to icnown fragments and/or epitopes. 

The PEPSCAN method (WO 84/03564, and WO 86/06487, and H. Geysen at aL, 
Proa Natl. Acad. ScL USA 1984, vol. 81, p. 3998-4002, and J. of Immunol, math. 1987, 
vol. 102, p. 259-274), is an easy to perform, quick and well-estabiished method for the 

15 detection of immunologic determinants of a protein. It comprises the synthesis of a series 
of peptide fragments progressively overlapping the protein understudy, and subsequent 
testing of these polypeptides wKh spedRc antibodies to the protein to identify which of 
these ero able to bind to the antigen receptor of T- and/or B-lymphocytes. Such antibodres 
to the proteins according to the invention can be obteined by making polyclonal or 

20 monodonai antibodies, by using techniques well Icnown in the art 

The use of computer algorithms in the designation of specific protein fragmente as 
the tmmunoiogicatly important epitopes on the basis of their sequential andAor structural 
agreement with epitopes that are icnown, is also a well-icnown technique. The 
determination of these regions can be based on a combination of the hydrophilicity c:riteria 

25 according to IHopp and Woods (Proc. Natl. Acad. Sci. USA 1981, vol. 78, p. 3624-3828), 
and the secondary structure aspects acciording to Chou and Fasman (Advances in 
En^moiogy 1987, vol. 47, p. 45-148, and US patent 4,554,101). immunogenic epitopes 
can lllcewise be predicted from the protein's amino acid sequence by computer with the 
aid of Berzofslc/s amphiphilicity criterion (, Science 1987, vol. 235, p. 1059*1062 and US 

30 patent applIc:ation NTiS US 07/005,885). A condensed overview of the use of these 

methods is found in Shan Lu (common principles: Tibtech 1991, vol. 9, p. 238-242), Lu 
(revtew: Vaccine 1992, vol. 10, p. 3-7), and Berzofsky (HiV-epltopes; 1991, The FASEB 
Journal, vol. 5, p. 2412-2418). 

An illustration of the effectiveness of using these methods was published by H. 

35 Margalit ef aL (, J. of Immunol. 1987, vol. 138, p. 2213-2229) who describe success rates 
of 75 % in the prediction of T-celi epitopes using such methods* Still further proof Is the 



14/09 '03 03:03 PAX +31 485 5852B7 



INTERVET. PATENT DEPT 



■* Epo mmcBBH 



@015 



8 



successful prediction of the 6 antigenic peptides ftom BIIA1 and BIIA2. as outlined in 
Example 1, section 1.1.5. 

Subsequently, it has to tie determined if an epitope found using the methods 
5 described above Is indeed capable of interfering with the process of Invasion. This can 
however be done veiy quickly and easily In a simple in vltm Invasion Inhibition experiment 
Su^ an experiment Is described In Example 1.1. 11. 

•me percentage off similarily of an amino acid sequence with a protein according to 
10 the Invention must be delemtlned by amino add alignment to the full-length amino add 
sequence of SEQ ID NO: 2, 4, 6, 8. or 10. 

The percentage of similarity with a protein according to the Invention must be 
detemilned with the computer program "BLAST 2 SEQUENCES" by selecting sub- 
program: -BlastP- (J. Tatusova & T. Madden, 1999, FEMS l^icrobiol. Letters, vol, 174. p. 
1 5 247-250). that can be found at viww.ncbl.nlm.nlh.govAjlast/bI2seq/bl2.htmi. The 

comparison-matrix that is used is: -Blosum62-, with the default parameters: open gap 
penalty: 11; extension g^ penalty: 1, and gap x_dropofff: 50. 

This program lists the percentage of amino adds that are Identical as "Idendtles". 
and the percentage of amino adds that are similar as -Positives". "Similar amino adds 
20 are those amino adds that are Identical plus those that are equivalent; "eqMivalenf amino 
adds are described tielow. 

It will be understood that, for a particular PIroplasmId protein, natural variations 
exist between the proteins assodated with Individual strains or spedes of Piroplasmlds. 

25 These variations may be demonstrated by (an) amino add difference(s) In the overall 
sequence or by deletions, substitutions. Insertions. Inversions or additions of (an) amino 
add(s) In said sequence. Amino add substitutions, which do not essentially alter biological 
and Immunological activities, have been described. e.g. by Neuratti etal. (1979, In: 'The 
Proteins". Academic Press New Yorli). Amino acid replacements bebween related amino 

30 adds or replacemenis which havs o«»urrsd IrequeniJy in svolu'uon are, i.a. Ssr//Ma, 



14/09 '03. 03:03 FAX +31 485 5S5287 



lOTERVBT PATENT DBPT 



EPO MUNCHEN 



@016 



9 

(Science 1985, voK 227, p. 1435-1441) and determining the fun(«onat similarity between 
proteins. Such amino add substitutions of the exemplary embodiments of this invention, 
as weli as variations having deletions and/or inserfions are Within the soope of the 
invention as long as the resulHng proteins retain the capability of inducing immune 

5 responses that inhibit PIroplasmId parasite proliferation, for instance antibodies that inhibit 
Piroplasmid parasite invasion. Such variations in the amino acid sequence of a certain 
Piroplasmid protein according to the invention are considered as "biological- or func^onal 
homoldgs", and are all within the scope of the invention. 

Thte explains why a Piroplasmid protein according to the invention, when Isolated 

10 from different Piroplasmid species, may have a similarity down to 70 % with for example 
the amino acid sequences depicted In SEQ ID NO: 2, 4, 6, 8, or 10 white still representing 
the same protein with the same characteristics, in the example presented: to be able to 
Induce antibodies that inhibit Piroplasmid paresite invasion. 

15 When comparing Piroplasmid proteins according to the invention amongst 

themselves, Piroplasmid proteins according to the Invention obtained from different 
Piroplasmid organisms typically have over 60 % amino add similarity; when obtained from 
different Babesia spedes, such proteins typically have over 85 % amino acid similarity, 
and when obtained from different isolates from & bovfe, sudi proteins typically have over 

20 95 % amino add similarity. 

The prefeired way to produce the Piroplasmid protein's according to the invention 
is by using genetic engineering techniques and recombinant expression systems. These 
may comprise using nucleic acids, cDNA fragments, recombinant DMA molecules, live 
25 recombinant carriere, and/or host cells. 

Therefore, another aspect of the invention relates to a nucleic acid, characterised 
in that said nucleic acid encodes a Piroplasmid protein according to the invention, or an 
immunogenic fragment of said protein. 

30 

In an embodiment the nudeic acid according to the invention comprises the 
nucleic acid sequence depicted in SEQ ID NO: 1, 3, 5, 7, or 9. 

The term "nucleic acid" is meant to incorporate a molecular chain of desoxy-- or 
35 ribonudeic acids. A nudeic add Is not of a specific length, therefore polynucleotides, 
genes, open reading frames (ORF's), probes, primere, linkers, spacers and adaptore, 



r- _ ^ 
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consisting of DNA and/or RNA. are Included within the definition or nucleic add, A nucleic 
add can be of biologic and/or synthetic origin. The nucleic add may "be In single stranded 
or double stranded form. The single strand may be In sense or anti-sense orientation. Also 
Included within the definition are modified RNAs or DMAs. Modifications in the bases of 
5 the nucleic add may be made, and bases such as inoslne may be Incorporated. Other 
modifications may Involve, for example, modifications of the backbone. 

The term "encodes" is meant to Incorporate; providing the possibility of protein 
expression. i.a. through transcription and/or translation when brought Into the right 
10 context 

A nudeic add according to the invention encodes a PiropiasmId protein according 
to the invention, or encodes an Immunogenic fragment of said protein. 

A nudeic add according to the invention has a minimal length' of 30 nudeotides. 
Preferably a nudeic acid according to the invention comprises 40. 50. 100. 250. 500, 
15 1 000, or 1 500 nudeotides in that order of preference. 

A nucleic acid according to the invention for instance is a nudeic add encoding a 
PiropiasmId protein acooiding to the invention that lacks the N-terminal signal sequence 
and/or the C-termlnal sequence. Other nucleic adds may comprise a sequence encoding 
20 a spedflc epitope of a PiropiasmId protein. Such nudeic adds are ail within the scope of 
the Inventton. 

Exduded from the nucleic adds according to the invention are the following 
sequences: 

25 • with regard to BIIA1 (SEQ ID NO: 1). the EST sequences: 

o B_bovis-11e05.pic 

o B_bovis-344e09.qlc 

o B_bovis-384f08.qlc 

o B_bovis-26'Jd05.qlc 
30 o Bj3oyis-Ds3.plc 
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• wKh regard to BIIA1 (SEQ 10 NO: 1), the assembled contigs: 

o Bbovi8.CONTIG.102g 
o %ovis.CONnG.227 

5 • With regard to BIIA2 (SEQ ID NO: 5) the EST sequences: 
o BJbovls-417g12.qlc 
o B_bovl8-376a10.qlc 

• with regard to TIIA2 (SEQ ID NO: 7), the assembled contig: 
10 o gnliSanger_5874|Contig1548 

• with regard to TIIA1 (SEQ ID NO: 3). the assembled contig: 

o gnl|SangerJ5e74iContig1 

15 The EST and contig sequences regarding BIIA1 and BIIA2 are available through 

the Internet web page: www.sanQer.ac.uk/Droiects/b bovis/ . 

The contig sequences fegardir^ TIIA1 and TIIA2 are available through the NCBI 
BLAST server selecting Apicomplexa from the Internet page: 
htto:/Awww.ncbi.nlm.nlh.ao v/sutllB/aenom trea.c<ti7omanismaeulc 

20 

The percentage of identic between nucleic adds acconJIng to the invention is 
determined vrfth the computer program "BLAST 2 SEQUENCES" by 8ele(^*ng sub- 
program: "BlastN" (T. Tatusova & T. Madden, 1999. FEI^flS Microbiol. Letters. voL 174. p. 

25 247-250). that can be found at www.ncbl.nlm.nih.gov/blast/bl2seq/bi2.htmL Paiameteis 
that are used are the default parameters: reward for a match: +1; penalty for a mismatch: 
-2; open gap penalty: 5; extension gap penalty: 2; and gap x_dropoff: 50. Unlilce the 
output of the BiastP program described above, the BlastN program does not list 
similarities, only identities: the percentage of nudeotldes that are identical are indicated 

30 as "Identities-. 



It is well icnown in the art, that many different nudeic adds can encode one and 
the same protein. This is a result of what 16 Itnown in molecular biology as "wobble", or the 
'degeneracy of the genetic code"; when several codons or triplete of mRNA will cause the 
35 same amino add to be attached to the chain of amino adds growing in the ribosome 

during translation. It is most prevalent in the second and espedaUy the third base of each 
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triplet encoding an amino add. This phenomenon can result in a heterology of about 30•»^ 
for two different nucleic adds that sSn encode the same protein. Therofbre. two nudeic 
adds having a nudeoUde sequence Identity cif about 70 % can stiU encode one and the 
same protein. 

Another approach for deddlng if a certain nucleic add sequence is or is not a 
nudeic add sequence according to the invention, relates to the question if thai certain 
nudeic add sequence does hybridise under stringent condlUons to any of the nudeotlde 
sequences defected in SEQ ID NO: 1 . 3. 5. 7, and 9. 
10 If a nudeic add sequence hybridises under stringent conditions to the nudeotlde 

sequence as depicted in SEQ ID NO: 1. 3. 5. 7. and 9. it is considered to be a nudeic add 
sequence according to the invention. 

The definition of stringent conditions follows from the formula for the melOng 
temperature Tm of Melnkoth and Wahl (1984. Anal. Biochem.. vol. 138. p. 267-284): 

15 

Tm = 181 .5'C + 16.6(log M) + 0.41(%GC) - 0.61(%formamlde) - 500/14 - 1''C/1%mlsmalch 

in this formula, M Is molarity of monovalent cations: %GC is the percentage of 
guanosine and cytoslne nudeotides lA the DNA: L is the length of the hybrid In base pairs. 
20 and mlsniatdi is the lade of an identical match. 

Stringent conditions are those conditions under which nucleic add sequences or 

.fragments thefBofstill.hybridise, ifthey hay^ a mismatch of 30 % (i.e. »*ey are only 70 % 

identical) to the nucleic add sequence as depided in any of the SEQ ID NO's: 1, 3, 5, 7, 
and 9. 

25 

Nudeic adds encoding the Plroplasmld proteins according to the invention can be 
obtained from member spedes of the PIroplasmlda. 

However in a more preferred embodiment, the nudeic adds encoding a 
Piroplasmid protein or Immunogenic fragments of said protein according to the invention 

30 aD3 characterfeed in that they are cDtainsbis irrom an organisr.'i sstedad from ths graup 
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The posslbiPity of species being taxonomically re-dassffied or described as new 
species has been discussed above. As this does not chsnge the OTganism's genome, 
such redassified organisms are also within the scope of the invention. 

5 

Aiso within the scope of the invention are Piropiasmtd proteins, immunogenic 
fragments of ss^d proteins and nucleic acids encoding such Piroplasmid proteins or . 
fragments thereof from non-mammalian Pfroplasmids. due to the high conservation of the 
genes and proteins of the Piroplasmid proteins according to the invention. Such related 
1 0 proteins, or their genes may be called paraiogs or orthologs. 

Nucleic acids encoding a Piropiasmtd protein according to the invention can be 
obtained, manipulated and expressed by standard molecular biology techniques that are 
well-known to the sMiled artisan, and are explained in great detail in standard text-books 
15 like Sambrook & Russell: ^'Molecular cloning: a laboratory manual" (2001, Cold Spring 
Harbour Laboratory Press; ISBN: 0B79695773). One such type of manipulations is the 
synthesis of a cDNA fragment from RNA. preferably from mRNA that can be isolated from 
parasites, or parasite- Infected cells or -organisms by te(^iques known In the art. 

Therefore, in another aspect, the invention relates to a cDNA fragment according 
20 to the invention. 

The prefen^d method of obtaining a cDNA fragment by reverse transcription is 
through a polymerase chain roaction (PCR) technique. Standard techniques and protocols 
for performing PCR are for instance extensively described in C. Dieffenbach & G. 
25 Dveksier. TCR primers: a laboratory manual" (1995, CSHL Press, ISBN 679694473). 

In a preferred embodiment, the invention relates to a recombinant DNA molecule 
comprising a nucleic acid according to the invention, or a cDNA fragment according to the 
invention, said nucleic add or said cDNA fragment being under the control of a 
30 functionally linked promoter. 



To constnjct a recombinant DNA molecule according to the invention, preferably 
DNA plasmids are emplc^ed. Such plasmids are useful e.g. for enhancing the amount of 
DNA-insert, as a probe^ and as tool for further manipulations. Examples of such plasmids 
35 for cloning are plasmids of the pBR, pUC, and pGEM series; ali these are available from 
several commercial suppliers. 



EmPf.2eit: 14/09/2003 03:04 
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The nucleic add encoding a PIroplasmid protein according to the Invention or an 
Immunogenic fragment of said protein, can be cloned into separate plasmlds and be 
modified to obtain the desired conformation using techniques well known in the art 
However they may also be combined into one construct for improved cloning or 
5 expression purposes. 

Modifications to the coding sequences encoding a PIroplasmid protein according 
to the Invention or an Immunogenic fragment thereof may be performed e.g. by using 
restriction enzyme digestion, by site directed mutations, or by polymerase chain reaction 
(PGR) techniques. 

10 For the purpose of protein purification or -detection, or Improvement of expression 

level, additional nucleic adds may be added. This may result in the final nucleic acid 
comprised In the cDNA fragment, or in the recombinant DNA molecule being larger than 
the sequences required for encoding a PIroplasmid protein. When such additional 
elements are Inserted In frame, these become an integral part of the PIroplasmid protein 

1 5 that is expressed. Such fUsed proteins are also within the scope of the invention 

An essential requirement for the expression of a nucleic add, cDNAfiragment. or 
recombinant DMA molecule is that these are operably linked to a transcrlptonal regulatory 
sequence such that this Is capable of controlUng the transcription of the nudeic add, 
cDNA, or recombinant Dl^lA. Trenscriptlonal regulatory sequences are well known in the 

20 art and comprise l.a. promoters and enhancers. It is obvious to those skilled In the art: that 
the choice of a promoter extends to any eukaryotic, prokaryotic or ^nral promoter capable 
... of directirig gene transcription, provided that the promoter is functional in the expression 
system used. 

25 In a more preferred embodiment, the Invention relates to a live recombinant carrier 

comprising a nucleic acid according to the Invention or a cDNA fragment according to the 
Invention, said nucleic add or s^d cDNA fragment being under the control of a 
functionally linked promoter, or a recombinant DNA molecule according to the Invention. 

30 Sucai Ihfe recombinant carriers i3-RC's>> are e.jg. iTiicrw-wi^anisma cuch cs bsctsrfs. 
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sequence encoding a Piroplasmid protein according to tlie invention, or an Immunogenic 
fragment thereof. 

As an mample of bacterial LRC's, attenuated SalmoneUa strains known in time art 
can attractively be used. 
5 Alternatively, iive recombinant canier parasites have i.a. been described by 

Vermeulen. A. N. (Int. Joum. Parasltol. 1998. vol. 28, p. 1121-1130). 

LRC viruses may be used as a way of transporting a nudelc acid Into a target cell. 
Live recombinant cairier viruses are also called vector viruses. Viruses often used as 
vectors are Vaccinia viruses (Panicali et ai. 1982, Proc. Natl. Acad. Sci. USA, vol. 79, p. 
10 4927), Herpesviruses (EP 047321 0-A2), and Retroviruses (Vaierio, D. et al. 1989, in: 

Baum, S.J., Dicke, ICA.. Lotzova, E. and Piuzniic, D.H. (Eds.), ''Experimental Haematology 
toda/. Springer Vertag, New York: pp. 92-99). 

The technique of /n vivo homologous recximbination. well known in the art. can be 
used to introduce a recombinant nucleic acid according to the invention Into the genome 
15 of an LRC bacterium, parasite or virus of choice, capable of inducing expression of the 
inserted nudelc ackl, cDNA or recombinant DNA according to the invention In the host 
animal. 

Bacterial, yeast, fungal, insect, and vertebrate cell ^ression systems are used as 
20 host ceils for expression purposes very frequently. Such expression systems are well 
known in the art and generally available, e.g. conrvnerdally through Invitrogen (the 
Netheriands). 

Therefore, in an even more prefORed embodiment, the Invention relates to a host 
cell comprising a nucleic acid according to tlie invention, a cDNA fragment according to 
25 the invention, said nucleic acid or said cDNA fragment being under the control of a 

functionally linked promoter, a recombinant DNA molecule according to the invention, or a 
' live recombinant carrier according to the invention. 

A host cell to be used for expression of a Piroplasmid protein according to the 
30 invention may be a ceii of bacterial origin, e.g. from Escherichia cog, BxBlus subHlls, 
Lactobacillus sp. or Cauhbactercrascentus, in combination with the use of bacteria- 
derived plasmlds or bacteriophages for expressing the sequence encoding a Piroplasmid 
protein. The host cell may also be of eukaryoHc origin, e.g. yeast-ceiis in combination with 
yeast-spedfic vector molecules, or higher eukaryotic ceils, like insect cells (Ludcow et 
35 aL,1988, Bio-techncdogy, vol. 6, p. 47-55) in combination with vectors or recombinant 
bacuiovlmses; plant cells In combination with e.g. Ti-plasmid based vectors or plant viral 
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vectors (Barton. K.A. ef a/.. 1983. Cell. vol. 32. p. 1033); or mammalian cells like Hela 
cells. Chinese Hamster Ovary celte.or CrandeH-Rees feline kidney-ceHs, also with 
approprtete vectors or recombinant viruses. 

Next to these expression systems, plant cell, or paraslte-liased expression 
5 systems are attractive expression systems. Parasite expression systems are e.g. 
described in the French Patent Application. pubUcation number 2 714 074, and in US 
NTIS publication no. US 08/043109 (Hoffman. S. & Rogers. W.. 1993). Plant.ceii 
expression systems lor polypeptides for biological applicatioii are e.g. discussed in R. 
Fischer et a/. (Eur. J. of Biochem. 1 999, vol. 262. p. 81 0-816). and J. Larrick et al. 
10 (Btomoi. Engln. 2001. vol. 18, p. 87-94). 

Expression may also be perfomied in so-called cell-free expression systems. Such 
systems comprise all essential factors for expression of an appropriate recombinant 
nucleic add, operably linked to a promoter that will function in that particular system. 
Examples are the E. co/i lysate system (Roche. Basel. Switzeriand). or the rabbit 
1 5 reticulot^ lysate system (Promega corp.. Madison, USA). 



The Piroplasmhi protein according to the invenfion or Immunogenic fragments of 
said protein are very wbH suited for the production of a vacdno. Such proteins or 

20 fragments can be obtained firom parasites, or Irom animals or cells Infected with 

PiropiasmU parasites. However, much more convenient is the use of the nucleic adds 
encoding the Pirpplasmtel protein according to the invention or an immunogenic fragnrient 
of said protein, in an expression system. This is followed by harvesting the proteins or 
fragments produced and fomiulating these Into a protein subunit vaccine, e.g. by admixing 

25 a Piroplasmid protein according to tt»e invention or an immunogenic fragment of said 
protein, and a pharmaceutlcally acceptable carrier. 

Therefore, yet another aspect of the invention relates to a vaccine comprising a 
protein according to the invention or an immunogenic fragment of said protein, a nud^c 
30 acid, a cDNA fragmsnt a recombinam Di^iA moiecuis, a I3wd iacomblnsm canisr, cr a host 
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protective immune responses (e.g. specific antibodies or acU\^ted iymplfiocytes) that 
interfere witti parasite proliferation, or the clinical signs it produces. 

If such proteins or fragments do not produce the desired response on their own. 
they can be coupled to a carrier such as KLH. BSA or the Vke, using techniques known in 
the art 

The coupling of proton or fragments thereof can also be done to enhance or 
modify the immune response induced. For instance it is common practice to couple 
protein(-fragment)s to Tetanus toxoid to enhance the response of T-cells. Also spedfic 
effector molecules may be added, such as a toxin, to improve the idliing of toiget cells. 



Such couplings can be perfonmed 

- chemically, by coupling, conjugation or cross-linking, through dehydration, 

. esterification, etc, of the amino acid sequences either directly or through an 
intermediate structure. 
15 - physically, by coupling through capture in or on a macromolecular structure, or 
preferably 

- by molecular biolc^ical fusion, thipugh the combination of recombinant nucleic acid 
molecules whkSi comprise fragments of nucleic add capable of encoding each of the 
two, such that a single continuous expression product Is finally produced. 

20 Such molecular engineering techniques are preferred. 

An alternative and efficient way of vaccination is by direct vaccination with DNA 
encoding the relevant antigen or epitope. Direct vaccination with DNA encoding proteins 
has been successful for many different proteins, as reviewed in e.g. Donnelly et al (The 

25 Immunologlst 1993. vol. 2, p. 20-26). For example in the field of anti-parasite vaccines, 
protection against e.g. Plasmodium yoelif has been obtained with DNA-vaccination with 
theP.yoe/iidrcumsporozoitegene (Hoflman, S. etal. 1994, Vacdne, vol. 12, p. 1529- 
1533), and protection against Leishmania major has been obtained with DNA-vaccination 
with the L majorsutface glycoprotein gp63 gene (Xu & Liew 1994, Vaccine, vol. 12. p. 

30 1534-1538). 

Such a DNA vaccination can be performed with a nucleic add, a cDNA fragment, 
or preferably with a recombinant DNA molecule according to the invention. 

Therefore, one preferred embodiment relates to a vacdne according to toe 
invention, characterised in that it comprises a nudelc add, a cDNA fragment, or a 
35 recombinant DNA molecule according to the invention. 



.4^4 rs rvo. 
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Alternatively, a vaccine according to the Invention can comprise live recomblnank 
carriers as described above, capable of expressing the Plroplasmld protein according to 
the invention or Immunogenic fragments of said protein. Such vaccines. e.g. based upon a 
bacterial, a parasitic or a viral canler or vector have the advantage over subunlt vaccines 
5 that they better mimic the natural way of infection by Plroplasmlda. Also the presentation 
of the antigens by cells Infected with the carriers resembles the route a Plroplasmld 
protein according to the invention or immunogenic flagments of said protein are presented 
to the Immune system In a natural InfecBon. Moreover, their self-propagation is an 
advantage since only low amounts of the recombinant carrier are necessaiy for 

10 Immurrisatlon. 

Thus, another preferred embodiment relates to a vaccine according to the 
Invention, which comprises a five recombinant canier and a pharmaceutically acceptable 
carrier. 

1 5 The host ceils as described above can be used to express a Plroplasmld protein 

according to the invention or an Immunogenic fragment of said protein as an expression 
system. After expression the protelnadous product may be hanrested, but alternatively the 
culture medium or the complete host cells themselves may be used In a vaccine. This has 
the benefit of omitting purification steps, but of course requires some tolerance by the 

20 target mammalians for the media components and/or oomponente of the host cells. 

Also within the scope of the invention is a vacdne according to the invention 
comprising a combination of two or more types of molecules from the Piroplasmid protein 
according to the invention or an immunogenic fragment of said protein, or a nudeic add. 
25 cDNA, recombinant molecule, live recombinant carrier, or host cells according to the 

invention. For such vaccines according to the invention the components may be combined 
In a single dose or in separate doses, and these may be given at the same time or 
.sequentially. 

For Instance, a comblnatfon vacdnatlon of an Initial priming with a recombinant 

30 DMA piasmid canymg the coding sequence of <=> Piruplasir.ld protoin, fOltawsd some time 
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in principle be used; preferably a dose between 50 and 200 UQ of a Piroplasmid protein 
or an immunogenic fragment thereof is used . 

For rn/e viral vector vaccines the dose rate per animal may range lirom 1 to 10" 
pfii, preferably 10 - 10' pfu are used. 

5 

A phamiaceuticaliy acceptable carrier is understood to be a compound that does 
not adversely efiect the health of the animal to be vaccinated, at least not to the extend 
that the adverse effect is worse than the Bftecte seen when the antonal would not be 
vacdnated. A pharmaceuficatly acceptable carrier can be e.g. sterile water or a sterile 
1 0 physiological salt soltition. In a more complex fomi ttie carrier can e.g. be a buffer. 

Often, a vaccine Is mixed with stabilizers, e.g. to protect degradation-prone 
components from being degraded, to enhance the shelf-life of the vaccine, or to improve 
fieeze-drying efficiency. Useful stebillzers are i.a. SPGA (Bovamik ef a/. 1 950. J. 
1 5 Bacteriology. voL 59, p. 509), skimmed milk, gelatine, bovine serum albumin, 

carbohydrates e.g. sorbitol, mannito), trehalose, starch, sucrose, dextran or glucose, 
fMotelns such as albumin or casein or degradation products thereof, and buffers, sudh as 
alkali metel phosphates. 

20 The vaccine according to the Invention may additionally comprise a so-called 

•Vehicle". A vehicle Is a compound to which the proteins, protein fkagmente, nucleic adds 
or parts thereof, cDNA's. recombinant molecules, live recombinant carriers.- and/or host 
cells according to the Invenflon adhere, without being covalently bound to It Such vehicles 
are i.a. bio-mlcrocapsules, mlcro-aiginates, liposomes, macrosols. aluminium-hydroxide, 

25 -phosphate, -sulphate or -oxide, silica. Kaolin®, and Bentonite®. all known In the art 

An example is a vehicle in which the antigen is partially embedded in an immune- 
stimulating complex, the so-called ISCOM® (EP 109.942, EP 180.564. EP 242.380). 

In addition, the vaccine according to the Invention may comprise one or more 
30 suitable suriiace-active compounds or emuisiflers. e.g. Span® or Tween®. 

Target sul^cte for the vaccine according to the Invention are preferably 
mammalian, e.g. humans or mammalian animals of veterinary importence. The terget may 
be healthy or diseased, and may be seroposlQva or -negative for Pbxjpiasmidai parasites 
35 or for antibodies to PlroplasmMal parasites. The target subject can be of any age at which 
It is susceptible to the vaccination. 
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The more preferred target mammalians for the vaccine according to the invention 
are bovines, equlnes, canines, and felines. 

The vaccine according to the invention can equally be used as prophylactic and as 
therapeutic treatment, and Interferes witti the establishment and/or with the progression of 
5 an infection or its clinical symptoms of disease. 

. Therefore on© aspect of ths invsntlon relates to the use of a nucleic scfd sequcnca 
according to the invention, a cDIMA fragment according to the invention, a recombinant 
DMA molecule according to the invention, a live recombinant carrier according to the 
invention, or a host cell according to the invention for the manufacture of a vaccine for 
1 0 prophylactic or therapeutic treatment of an infection or its clinical signs caused by a 
Piroplasmid organism. 

The vaccine according to the mvention prevents or reduces the spread of 
Piroplasmid infet^on through the population or to the environment. 
1 5 The vaccine according to tiie invention can be in several forms. e.g.: a liquid, a gel, 

an ointment, a powder, a tablet, or a capsule, depending on the desired method of 
application to the target 

Preferably the vaccine is in the form of an injectable liquid. 

20 The vaccine according to the invention can be administered to the mammalian 

target according to methods Icnown in the art. For instance by parenteral applications such 

as through at! routes of injection Into or through the sidn: e.g. intramuscular, intravenous, 

intraperitoneal, intradermal, submucosal, or subcutaneous. Alternative routes of 
application that are feasible are by topical application as a drop, spray, gel or ointment to 

25 the mucosal epithelium of the eye, nose, mouth, anus, or vaginai or onto the epidermis of 
the outer sidn at any part of the body; by spray as aerosol, or powder. Alternatively, 
application can be via the alimentary route, by combining witii the food, feed or drinking 
water e.g. as a powder, a liquid, or tablet, or by administration direcUy into the moutti as a 
liquid, a gel, a tablet, or a capsule, or to the anus as a suppository. 

30 Tho preferred applicafion routs Is by inti^muscular or by subcutsnsouc tnjecticn. 

!ii pr-Bs v:TL^*ourcE;:,iinaTh3i7E^^ KjUfeof sppSc2iiez.^^i!l dieper.?^ nn thi2^„ 
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The scheme of the application of the vaccine according to the invention to the 
target mamniaRan can be in single or multiple doses, which may be given at the same 
time or sequentially. In a manner compatible with the dosage and formulation, and In sudi 
an amount as will be immunologically effective. 
5 The vaccines of the invention are advantageously applied in a single yearly dose. 

In a preferred embodiment, the vaccine according to the invention Is characterised 
in that it comprises an adjuvant 

An adjuvant In general is a substance that boosts the immune response of the 
1 0 target in a non-specific manner. Many different adjuvants are known in the art Examples 
of adjuvants are Freund*s Complete and -incomplete adjuvant vitamin E, non-ionic block 
polymers and polyamlnes such as dextransulphate. carbopol and pyran. Also very 
suitable are saponins, which are the preferred adjuvants. Saponins are preferably added 
to the vaccine at a level between 10 and 10.000 \xgln\l Within the group of saponins, the 
15 saponin Quil A® is the more preferred adjuvant Saponin and vaccine components may 
be combined in an ISCOMS(S> (EP 109.942, EP 180.564, EP 242.380). 

Furthermore, peptides such as muramyldipeptides, dimethylglycine, tuftsin, are 
often used as adjuvant, and mineral oil e.g. Bayol® or Market® » vegetable oils or 
emulsions thereof and DlluvacForte® can advantageously be used. 

20 • 

It goes without saying that other ways of adjuvating, adding vehicle compounds or 

diluents, emulsifying or stabilizing a vaccine are also within the scope of the invention. 

Such additions are for instance described In well-known handbooks such as: ''Remington: 

the science and practice of pharmacy" (2000, Lippincot. USA, ISBN: 683306472), and: 
25 'Veterinary vacdnology" (P, Pastoret et al. ed., 1997, Elsevier, Amsterdam, ISBN 

0444819681). 



The vaccine according to the invention can advantageously be combined with 
30 another antigen, or with an immunoacOve component This can also be added in the form 
of its encoding nucleic acid. 

Therefore, in a more preferred embodiment the vaccine according to the invention 
is characterised in that it comprises an addlttonal immunoacUve component or a nucleic 
acid encoding said additional immunoactlve component 

35 



:x»i ji/nft/onno no-no 
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The additional ImmunoacBve components) may be an antigen, an tnvnune 
enhancing substance, and/or a vaccine; either of these may comprise an adjuvant 

The additional ImmunoacHve oomponent(8) when in the fonm of an antigen may 
consist of any antigenic component of human or veterinary importance. It may for instance 

5 comprise a biological or synttietic molecule sudi as a proton, a cartiohydratB, a 
llpopol^acharide. a nucleic add encoding a protelnadous antigen, or a recombinant 
nudeic add molecule containing such a nucleic add operably linked to a transcrlptlonai 
regulatory sequence. Also a host cell comprising suCh a nudeic add. a recombinant 
nucleic add molecule, or an LRC containing such a nudeic add, may be a way to deliver 

10 the nudeic acid or the additional immunoadive component Alternatively it may comprise 
a fractionated or Idlled microorganism such as a parasite, bacterium or vims. 

The additional Immunoadive component(s) may be in the fonm of an immune 
enhandng substance e.g. a chemoidne, or an immunostlmulatory nudeic add. e.g. a CpG 
motif. Alternatively, the vaccine acconllng to the invention, may its^ be added to a 

15 vacdne. 

For Instance a vacdne according to the invention can be combined with a 
preparation of a Bat>eda subunit vacdne protein, not being a Piroplasmid protein 
acconllng to the invention or an immunogenic fragment of said protein, to fbnm a 
combination subunit vacdne against Piroplasmidal infection «r assodated dinical signs of 
20 disease. 



jAJtematively. the vaccine according to the invention can advantageously be 
combined with a phannaceutical component sudi as an antibiotic, a hormone, or an anti- 
inflammatory drug. 

25 

In an even more preferred embodiment, tiie vaccine according to the invention is 
diaracterised in that said additional immunoactive component or nudeic add encoding 
said additional immunoactive component is obtained from an organism infective to: 
canines: EhrilfOifa oanis, Babesia gOjsonl, B. vogeli, B. mssi, l^ishmaitia tlmovanl- 
30 compte:, Canine parvovirus, uarune dieiemper virus, L^cs^tra intSTrOSsns zzpovsrs 
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CO//, Entembacten IQebstolta, Citmbacten Cryptosportdium, Salmonella and 
Streptococcus dysgalacOae: and to 

eauines: Streptococcus equi, Straptococcus zooepldemtous, Rhodococcus equ/, 
Corynet)acterium pseud^ubarculosls, Pseudomonas malleh AcUnobaclllus equili and 
5 PastBuraHa multoclda. Potomac fever agent, Clostridium tetanll, Mycobaclarium 
psaudomalleU Vesicular StomatiUsvlrus, Boma disease virus. Equine influenza virus, 
African Ifiorse sickness virus, Equine arteritis virus. Equine iierpes virus 1-4, Infectious 
anaemia virus. Equine encephalomyelitis virus and Japariese B encepiiallfis virus. 

10 

The Piropiasmid protein according to the invention, or the immunogenic fragment 
of said protein, the nucleic acid, cDNA, recombinant molecule, live recombinant carrier, 
and/or the host cells according to the invention for the first time allow the generation of 
specific antibodies against a Piropiasmid protein, or an immunogenic fragment of said 

1 5 protein. This makes the vaccine according to the invention suitable as marker vacdne, as 
it allows the differentiation between parasite infected and -vaccinated mammalian targets, 
through methods known In the art 

Alternatively, these specific antibodies may be used as a vaccine themselves, for 
so called "passive vaccination''. 

20 Therefore another aspect of the invention relates to a vaccine, characterised in 

that it comprises an antibody against a protein according to the Invention, or an antibody 
against an Immunogenic fragment of said protein, or a combination thereof, and a 
phannaceutlcaliy acceptable carrier. 

The antibody may be of natural or synthetic origin. The antibody may be in the 

25 form of an antiserum or a purified antibody. Such purified antibodies can advantageously 
be obtained from an expression system. 

Methods for large-scale production of antibodies according to the invention are 
also known in the art. Such methods rely on the cioning of (fragments of) the genetic 
information encoding the protein according to the invention in a filamentous phage for 

30 phage display. Such techniques are described i.e. at the "Antibody Engineering Page" 
under "fHamentous phage display" at 

http://aximt1.imtuni-marfourg,de/~r^aepphage.htmL, and In review papers by 
Cortese, et al., (1994) in Trends in Biotechn. vol. 12, p. 262-267; by Clarckson, T. & 
WeUs, J.A. (1994) in Trends in Biotechn. voL 12, p. 173-183; Marks, J.D. et al., (1992) J. 

35 Biol. Chem. vol. 267. p. 16007-16010; Winter, G. et al.. (1994) Annu. Rev. Immunol, vol. 
12, p. 433-455, and by Little, M. et al., (1994) Biotechn. Adv. vol. 12, p. 539-555. 
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The phages are subsequently used to screen camelld expression libraries 
e)cpressing camelld heavy chain antibodies. (Muyldennans. S. and Lauwereys. iWl., Journ. 
Mo\eo. Recogn. 12. 131-140 (1999) and Ghahroudi. MJV. elal.. FEBS Letters vol. 414. p. 
512-526 (1997)). Cells from the Bbiaiy that express the desired antibodies can be 
replicated and can subsequently be used fbr large-scale expression of antibodies. 

A combination In a vaccine of an antigen 'loaded' with antibodies against that 
antigen is known In the art as a -complejf vaccine. Such vaccines according to the 
invention may advantageously be used. 



10 



For reasons of e.g. stabBrty or economy the Plroplasmld protein according to the 
Invention or immunogenic fragments of said protein, or nucleic adds, cDNA's, 
recombinant molecules, live recombinant carriers, host cells or vaccines according to the 
invention may be freeze-dried. In general this will enable prolonged storage at 
1 5 temperatures above zero " C, e.g. at 4'C. 

Procedures for freeze-drying are known to persons skilled In the art; equipmentfor 
freeze-drying at different scales Is available commerdally. 

TheiBfore. In a most preferred embodiment, the vaccines according to the 
Invention are characterised In that said vaccines are In a freeze-dried forni. 
20 To reconsHtule a freeze-dried vaccine, it may be suspended In a phystologfcally 

acoept^le diluent. Such a diluent can B.g. be as simple as sterile water, or a 
physkMoglcal salt.soluHQn, In a rnqre complexform it may be suspended In an emulsion as 
outlined in PCT/EP99/10178. 

25 

Still another aspect of the Invention relates to a method for the preparation of a 
vaccine according to the invention, said method comprising the admixing of a protein 
acconJlng to the invention or an Immunogenic fragment of said protein, a nudeio add. a 
cDNA fragment, a recombinant DMA molecule, a live rBcomblnant carrier, or a host oeB 

30.. according to the invenfion. or a combination thersof. and a piTarmaceu"ii«ally ecosptsfclis 
cssrisr. 
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fragment of said protein, or a combination thereof, and a phannaoeutically acceptable 
carrier 

As outlined above, a vaccine obtainable by the methods according to the invention 
5 can equally be used as prophylactic and as therapeutic treatment and will interfere both 
with the establishrnent and/or with the progression of an infection or its dinlcal signs of 
disease. 

Therefore, a further aspect of the Invention relates to the use of a protein 
according to the invention or an Immunogenic fragment of said protein, for the 
1 0 manufacture of a vaccine for prophylactic or therapeutic treatment of an infection or its 
dinicai signs caused by an organism of the Piroplasmida. 



Again a further aspect of the Invention relates to a diagnostic test for the detection 
15 of a nucleic acid associated with a Piroplasmid organism, diaracterised in that the test 
comprises a nucleic acid, said nucleic acid being at least 70 %, preferably 75 %. more 
preferably 80, 85, 90, 92. 94, 95, 96, 97. 98, 99, or 1 00 % in that order of preference, 
similar to the nucleic add sequence depicted in SEQ ID NO: 1 , 3, 5, 7, or 9 or a nudeic 
acid that Is complementary to said nucleic acid, wherein either of the nucleic acids have a 
20 length of at least 15 nucleotides, preferably 17, more preferably 18, 19, 20, 24, 28, 32. 35 
or 40 nudeotides, in that order of preference. 



Yet a further aspect of the Invention relates to a diagnostic test for the detection of 
25 antibodies against a Piroplasmid organism, characterised in that said test comprises a 
protein according to the invention or an immunogenic fragment of said protein, or a 
combination thereof. 

For instance BilAI or BIIA2 or an immunogenic fragment of either is coupled to a 
solid phase carrier, this is incubated vinth a sample to be tested, is washed, and presence 
30 of bound antibodies is detected. Prefen-ed diagnostic method is by Elisa. 



Still a further aspect of the invention relates to a diagnostic test for the detection of 
antigenic material from a Piroplasmid organism, characterised In that said test comprises 
35 an antibody against a protein according to the Invention or an antibody against an 
immunogenic fragment of said protein, or a combination thereof. 



.... -lOil D rOO: 
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For instance antibodies against BIIA1 or BIIA2 or an Immunogenic firagment of 
either are coupled to a solid phase carrier, this Is Incubated with a sample to be tested, 
washed, and presence of bound protein Is detected. Preferred diagnostic method is by 
Ellsa. 

The invention will now be further described with reference to the following, non- 
Hmiting, examples. 



10 
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EXAMPLES 
EXAMPLE I 

1.1. TECHNIQUES USED 

5 1.1.1. a AoWsftiviim culture 

B. bovis Israel Isolate (clonal line C8141 1) was cultured in vi^ as pre^ously described 
(Levy & Ristic 1980, Science, vol. 207. p. 1216-1220). Briefly, B. bovfe cultures viiere 
maintained in 24-wen plates (1.2 ml total volume) or In 25 cm^ bottles (15 ml total volume) 
containing medium Ml 99 (Cambrex Bioscience, Belgium), witti 40% bovine serum (ftom 
10 an adult donor cow), 50 jjgmr' Gentamlcin (Gibco BRL), 25 mM sodium bicarbonate, and 
bovine erytliroQrtes at 5% pacl<ed ceil volume (PCV). Cultures were incubated at 37'C, 
5% CO2 in air, and parasltaemia was kept between 1% and 12% by dally dilution. 

1<1>2. ConstrucUon of B. bavi s genomic and cDNA library 

15 A cDNA library was constructed from SpgB. bo\ris mRNA usir% the AZAP-(£>NA® 

Synthesis Kit (Stratagene) acooiding to the manufacturer's instructions. cDNA fragments 
of 0.5 to 4 kb were collected by gel filtration on a sepharose CUB column and llgated Into 
the EboRI / Xliol site of X uniZAP-XR Express vector. Qiga pack III Gold was used for 
packaging Into phage particles followed by transfomiation of Eschericl^ coA*XL-1 Blue 

20 MRF'cells. 1 .2 x 1 0' plaques were obtained of which an amplified library was made. 
Single-pasa sequence runs were perfomied on 15000 cDNA 'dones that were 
automatically picked at random.from the plated cDiMA library to establish an EST dataset 
From this EST dataset a database consisting of 12892 high quality sequences (476 bp 
average length) was constructed. 

25 For constructing the genomic library. 600 pg of B. bovis DNA was partially digested 
with EcoRI (1 50 units or 250 units) for 1 h at 37«'C. The digested DNA was size 
fractionated on a Sepharose CL-4B column. Fragments of 0.5 kb to 8 kb were llgated into 
the EeoRI site of A-ZAPII-Express. packaged using GIgapack III Gold Packaging extract 
and transformed in E. co^XLI-Blue MRPcompetent cells. 2.5 x 10' plaques were 

30 obtained of which an amplified library was made. 
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The cDNA libraries were screened wHh a probe produced through PCRviflth primers 
specific for BilAl orfor BIIA2. 

1,1.3. scTBenina of B- bovis genomic and cDN A library for the nenes for BIIA1 and BIIA2 
The a bovis genomic and cDNA libraries were screened to Isolate clones for the genes 
of B1IA1 and BIIA2 with a specific probe made by PGR Specific pilmers used wsrs: 
for the BIIAI gene: 

primer 1: 5'- CCACGGCTCTGGAATCTATGTC-3' (SEQ ID NO: 11) 

primer 2: 5'- CAAAAGGATACCTATATTTGGTAC -3' (SEQ ID NO: 1 2). 

and for the BIIA2 gene: 

primer 3: 5 - TGTGGTAGATGAATCTGCTAGTATATC ^' (SEQ ID NO: 13) 

Primer 4: 5'- CTATGCCACGGCATTCAGCAACATTTA -3* (SEQ ID NO: 14) 

1 5 Both primer p^ra were used to ampfily a ftagment firom a clone from the EST 

database of a boWs, by PGR in a 50 pi volume conterining 0.2 mM dNTP, 20 pmol/fil of 
each primer. 100 ng a boWs total genomic DNA and 0.5 U Taq DNA polymerase In 
standard buffer (Promega). Amplification was performed for 30 cycles with the conditions 
tor the BIIAI probe at 92'C for 30 s. 58'C for 30 s, at 72*C for 30 s. and for the BIIA2 

20 probe at: 95°C for 1 min, 5B°C for 1 min. at 72^0 for 1 D min. These cycles were preceded 
... .bylnffial denaturatipn for 3 mjn at 95°C and a final elongation aiJl^C for 10 min. 

Both probes were purified from agarose gel and labelled with 50 fiCi ^^p-dATP (3000 
Ci/mmol), using a Random Primer labelling kit (Roche). In total 4.10' cDNA and 4.10* 
genomic DNA library plaques were screened by standard procedures (Sambrook & 

25 Russell, supra) for cloning the BIIAI cDNA; whereas 5.1 0® cDNA and an equal number of 
genomic DNA library plaques v^ere scrsened for cloning the BIIA2 gDNA. After 2 cycles of 
plaque purification all clones were in vivo excised for isolation of the phagemids inserts as 
described in the manufacturer's instructions (Stratagene) and sequenced on both sbands. 
using automated cycle sequencing ^Mh the dy® tBrmlnatormsihod (ABI PRi-Sfei® dy® 

2-0 62n7?instDr!:ii; Fii^rjiraaci^- 
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1.1.4. Expression of recombinant BHA1 In g. ooli 

The clones of BIIA1 en BIIA2 were sutidoned by PCR from the pCR2.1 cloning plasmfds. 

5 The primers used for subclonlngBIIAI were: 

primer 5: 5'- CCCGGATCCATGCAGTTACATAACAAA -3' (SEQ JD NO: 15) 

primer B: 5'- GGGAAGCTTCTGAGCAAAGGAAATAGG -3* (SEQ ID NO: 16) 

These primers for BIIA1 introduced a BamHl RESTRICTION ENZYME site prior to 
base 1 (numbered from the first base of the initiation oodon) cmd a H/ndlll site after base 
10 1504. 

The primers used for subdoning BIIA2 were: 

primer 7: 5'- CCCGAATTCGTGGTAGATGAATCTGCT -3' (SEQ ID NO: 1 7) 

primer 8: 5'- CCCGTCQACTGCCTCGCCCCAAATGTrGT -3* (SEQ ID NO: 18) 
15 These primers, for BIIA2 introduced an Eco Rl site, and a Sal I site. 

After PGR (30 cycles of ImIn 94»C. 1 min 55»C, 1min 72''C), the fragments were 
gel purified, annealed to pET-32a vector and used for transformation In E. coff NovaBlue® 
strain. Plasmlds containing the appropriate Insert were used to transform in expression 

20 host strains. BL21 (DE3). Fusion proteins with thioredoxin were obtained with maximal 
yield after induction with 1 mM of isopropyl-p-D thiogalactosidase (IPTG) for 4 hr at 37"C 
as shown by analysis of total cell samples at 0 and 4 hr after induction. Bacterial pellets 
were boiled at.95»C in SDS-polyacrylamide (SDS-PAGE) sample buffer containing 2% 
(v/v) p-mercaptoethanol, ain on 10% SDS-PAGE minigeis, and Coomassie BnHiant Blue 

25 stained to confirm expression (Figures 1 and 2). 

1'1'S. Peptide selection an d generation of monospecific antiserum 
After the BIIAI and BIIA2 gmes were completely sequenced, peptides were selected from 
computer-translated sequences, for induction of specific polyclonal antibodies through 
30 inununlsation of test animals. 

The sequence analysis program Protean of DNA Star® was used to select peptide 
regions that have a good surface probability and contained charged alpha amphiphathic 
regions. 

Peptides selected from BIIAI (SEQ ID NO: 2) were: 



-Empf .zeit: 14/09/2003 fR:np 
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peptide l: aa numbers 46-60: cjrsteine-AFHKEPNNRRLTKRS. 
peptide 2: aa numbera 395^9: cysteine-RGVGMNWATYDKDSG. 
peptide 3: aa numbeis 453^7: cystelne-YVEPRAKNTNKYLDV. 

5 Peptides selected from BIIA2 (SEQ ID NO: 6) ware: 

peptide 4: aa numbers 255-269: cystelne-PGKRTRALLDLRMIE . 

peptide 5: aa numbers 424-439: (ystBine-RVGNTDEIsHNHKKDWiD. 
peptide 6: aa numbers 547^61: cysteine-WDDHPEESENTGIN. 

1 0 After ttie synthesis of the peptides, they were coupled to a carrier protein: 

Maleimide activated keyhole limpet haemocyanin (KLH) (Pierce; 77605) according to the 
manufacturer's instructions. The peptide-carrier conjugate was used to generate rabbit 
polyclonal antisera. 

For that purpose three groups of NZW-rabblts (each group contained 2 rabbits) 
15 were immunized five times subcutaneously with a 3^ok interval between consecutive 
Immunizations. Before the ImmunlsaUon btood semm was collected of each rabbit, which 
was used as negaBve control. Each rabbit was Injected with 250 MS pep*te coupled to 
KLH that was taken up In an equal volume of adjjuvant Stimune® (Id-dio). Total volume 
that was injected In each rabbit was 1000 pi. Sera were tested periodically for reactivity by 
20 ELISA. Plasmaforeses were done one week after the last immunization and sera were 
collected. 



1,1.6. ELISA 

The antibody response was evaluated by ELISA. Ninety-six-weli microliter plates were 
25 coated with 150 ng of either peptide 1 or peptide 2 per well. Incubated 30 min at 37»C. 

blocked for 1 h with PBS/BSA. Consecutive dilutions (1:50 to 1:50.000) of Individual rabbit 
sera were Incubated for 1 h at 37 'C. The plates were washed, and 1 :2000 diluted swine 
anti rabbit HRP-conjugated secondary antibody was Incubated fore 1h. The plates were 
vijashed and dswelopsd for 45 min with aBTS [2.2'-^nobi3(3-«lhyS>5ns1hlESollnssulfCRlc 



1.-1-7- Immunofluorescence assay 

The recognition of B. bovfe merozoltes by anti-sera against peptides from BIIA1 and BIIA2 
was tested by indirect immunofluorescence assay (IFA). Thin blood smeais were fixed 
with chilled methanol cells. Primary Incubation with polyclonal rabbit anti-BIIAI (1:40) or 
polyclonal mouse anti-BIIAI (1 :5 to 1:160) for 30 min was followed by three wash steps of 
5 min. Slides were incubated with 1 :80 goat antt-rabbit Immunoglobulin G (IgG) 
fluorescein isothloi^anate- labelled antibodies (Nordic) for 30 min. The slides were 
washed ^ain. and vedtashield® solution (Vector laboratories) was applied, objecte were - 
covered with a cover-glass and vlsual2»d on a UV fluorescence microscope «ith FITC 
filters (450-480/ 51 5-565 nm). IFA titres were detennlned as the last senim dilution with a 
positive recognition of the parasite compared to the negative pre-immuiie serum (Slutad 
1:5. 

Preparation of total me rpzolte protein extracts and proteins solubilised uong . 
invasion 

800 pi samples of merozoltm, prepared as described above for Ai vOro invasion, were 
partially separated from erythroc^e ghosts by flltreton over 1,2 nM polypropylene 
prefilters (Milllpore. AN1202500). Filtered merozoltes were pooled and washed twice in 20 
voiunries of PBS containing 25 mM sodium bicarbonate (pHB.O)fbllowed by centrifugation 
at 2000 g for 20 min at 4*>C. After the second wash the pellet was resuspended In an 
equal volume of PBS (pH 8.0) and divided in allquots of 200 pi that were centrffliged 
(10000 g. 5 min at4''C) and stored as 100 fii cell pellets(2x10' merozoltes) at-20''C after 
removal of supernatant Frozen merozoite pellets were thawed Just before use and lysed, 
reduced and alkylated by using a Proteoprep® membrane extraction Icit (Sigma) according 
the manufacturer's instnjctions and finally obtained inl .7 ml of buffer compatible with 
direct application on SDS-polyacrylamide gels or isoelectrofocussing (lEF) sfrlps. 
Insoluble material was removed by centrifugation at 16.000xg for 3 min at 4'»C, Protein 
concentration was determined by the Bradford method (Anal. Biochem. 1976, vol. 72. p. 
246-254). As the extracts conteined considerable amounts of erythroc^e proteins, control 
extracts were prepared In the same way but starting with a culture of pon-infected 
erythnM^es. 

Proteins solubilised upon invasion were obtained by gently removing the 
overleq^ng buffer after 1 half in vflro invasion as described above. The samples were 
oentrifuged (2000 g.^0 min, 4 "C) after which the pellet (which was invisible) was 
discarded and the supematent centrifuged again at high speed for removal of membrane 
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fragments (20 min, 12000 g, 4»C). The final supernatant v/as dialysed (Pierce; 
SnakesklnOpleated dialysis tubing, 68035) overnight against 10 mM KHPO4. pH 7.5. 
Residual haemoglobin was removed batchwise by incubating 50 mi of the dialysed 
supernatant with 6.5 ml DEAE sepharose fast flow (Amersham Biosciences) equilibrated 
5 in dialysis buffer for 90 mln at 4»C on a rotating platform. The suspension was centrifiiged 
for 5 min at 3000 g at 4"C after which the DEAE sepharose was washed 4 times by 
addition of 50 ml of dialysis buffer fbHowed by oentrifugation for 5 mlh at 3000g at 4°C. 
Bound proteins were eluted by addition of 6 ml of elutlon buffer (350 mM KCl, 1 0 mM 
KHPO4. pH 7.5) and Incubation for 5 min followed by centrifugatlon for 5 mln at 3000g at 
10 4°C. The supernatant was concentrated and desalted over 10-kDa filters (YM-10. 
■ Mllipore). 

1.1.9. SDS-polvacfvlamidB ele etronhores|a and Western blotting 
Proteins were resolved in the presence or absence of p-mercaptoethanol and were 
1 5 separated on a 1 0% SDS-PAGE and electrophoretically transferred to an Immobllon™-P 
membrane (Millipore). The blot was blocked with 5% skimmed milk diluted In 0.5% Tween 
20® containing phosphate-buffBred saline (PBST) for 1h at 37">C. An appropriate dllutton 
(1:500) of primary antibody in 2% skimmed milk In PBST was Incubated for 1 h overnight 
The blot was washed with PBST and then incubated with a 1:10.000 dilution of antl- 
20 rabbit- horseradish peroxidase (HRP)-co»\iugated secondary antibody (DAKO) fori h at 
.37?C. ASteF being-washed withPBST, the blot was developed with TMB MB siAstrate kit 

(Lucron Bloproducts b.v.: KPL 50-77-00) or. with enhanced chemolumlnescence (ECL)+ 

(Amersham; RPIM2132). 



25 1 - 1 .lO- iso-electric focusing 

Total merozolte extract, invasion supematent, and BIIA1 protein samples were 
resuspended In rehydration solution (7WI urea. 2 M thiourea, 4% CHAPS, 2% canier 

smpholyt® mbttum pH 4-7NL (IPG bufer and 20 mm DTT). 311A2 protslr. ssmpSos -.vsrs 



90 min during which the voltage rose to 3500 V followed by continued focusing at 3500 V 

for a total of 35-40 KVh. IPGPhor™). 

Following isoelectric focussing, ttie proteins were reduced and bound to SDS by 

equUibratIng each strip for 15 mIn in 10 ml of SDS equilibration buffer (SOmM Tris, GM 
5 urea. 2% SDS. 30% glycerol. pH 8.B) containing 30 mM DTT (added fresh before use). A 

second equilibration step in SDS equilibration buffer containing 2.5% iodoacetemlde (also 

freshly added) Instead of dithiotreitol was perfomned in order to prevent protein reoxidatlon 

and to minimise reactions of ^steine residues. 

The second-dimensional SDS gel electrophoresis gel was carried out in a Hoefer 
10 SE600 system. Silver staining was used to visualise proteins after 2-DE. Images of the 

gels were acquired using LabScan® vS.O software on a Umax flatbed scanner and were 

analysed using ImageMaster® 2D v3.0.1 software (Amersham Biotech). 

For immune blotting, proteins on 7 cm strips were separated on a 10% SDS-PAGE gel or 

13 cm strips were separated on 2-D protein gel and transfened to an lmmobilon^*«"P 
1 5 membrane (IWiliipore; IPVH0001 0). The procedure followed for two-dimensional blote was 

the same as that for the 1 -D blots. 

1.1,11. B. bovia in invasion aasav 

Invasion was performed as described previously (Fransen et al. 2003. Microbes infecL 
20 vol. 5. p. 365-372), with slight modificaOons. 8. tovsRS infected red blood cells at 6 to 8% 
parasiteemte. were cenfrifuged at 2000 g, 10 min, 15°C. and resuspended in an equal 
volume of VyMs buffer (Vega & Martinez, see Fransen. supra). 800 |il samples were 
submitted to five intemriittent (10 seconds, at 0"»C in between pulses) high voltage pulses 
(2.5 kV, 200n, 25 ^F) in 4 mm BioRad cuvettes (165-2088) using a BioRad Gene Pulser® 
25 with pulse controller. 

8 mi of PBS containing 25 mM sodlumblcarbonate (pH 8,0, 20*'C) was added to 
each 800 |il sample followed by centrifugatton (1800 g) for 10 min at 15*»C. A second, 
identical wash was performed except that centriftigation was done at 1300 g after which 
the merozoite pellet was resuspended in 800 m' PBS containing 25 mM 
30 sodlumblcarbonate (pH 8.0, 20^C). Invasion was Initiated by addition of 1 volume of 
resuspended merozoites to 9 volumes of suspended bovine erythroc^es (5.5% PCV In 
PBS pH 8.0 containing 25 mM sodlumblcarbonate, pre-lncubated for 30 mIn at 37°C in 
CO2 in air) and was performed in 24-well plates (final Volume 1 .2 ml), in 25-cm^ flasks (15 
mi) or in 80 cm^ flasics (50 ml) at 37«»C, 5% CO2 in air. Glemsa-stained slides were 



prepared atter 1 h and parasHlsised eiythrocytes out of a total of 5000 eiythrocytes were 
counted. 

ft 19 In uifm inhibition of invasion bv Dolvclon^ l rahbit antisera 

5 200 |il of a bovis merozoites. liberated by high voltage pulsing and resuspended In PBS 
containing 25 mM sodlumbicarbonate (pH 8.0) as described above, were incubated with 
40 pl of rabbit antisera for 1 h at 20»C. After 1 h. 960 |jl of suspended bovine erythrocytes 
(6.25% PCV In PBS pH 8.0 containing 25 mM sodlumbicarbonate, pre-lncubated for 30 
min at 37°C in COz In air) were added, followed by 1 h of Incubation after which Glemsa- 

1 0 stained slides were prepared and counted to detenmine the level of invasion. The rabbit 
antisera used were raised against synthetic peptides derived from the BIIAl and BIA2 
amino add sequence and a control senmi raised against an unrelated control peptide . 
(YAGRLFSKRTAATAYKLQ). Peptides had been linked to Icsyhole limpet haennocyanln 
(KLH) priorto Immunization. Pre-lmmune sera were also included in the test. 

15 

1.2. Results of Example 1 

1.2.1. Identification and cloning nf a ful\ length cDNA encoding BIIAI and BIIA2 
Probing the B. bovis cDI^A libraiy with PGR probes (350 bp for BIIAI and 450 bp for 
'20 BIA2)7 resulted In the doning and sequendng of a 2181 bp d3NAforSHA1 and c?23B5- - 
bp lor BIIA2. Both contained an open reading ftame and a 3' non-coding region 
terminating In a polyA-tan. To determine the 5' capped end of the fulHenglh mRNA's, total 
mRNA was dephosphoiylated after which the 5' caps, which are left intact, were removed 
by tobacco add pyrophosptiatase followed by ligation of a spedfic RNA oligonudeotide. 
25 Subsequently, nested PGR on first strand cDNA allowed the doning and sequencing of a 
ftagmsnt representing the 5' end of the B. bovis mRNA for BIIAI and for BIIA2. 

Trsrislatlon bv computer of the 1815 bp ORF of B1IA1 predicted a 67.2 UDa; 
trsnslailon of tha 19Q5 bp OPF for BIIA2 pradlcted 2 S5.6 kDa-protsin. 



cells (Figures 1 and 2). Polyacrylamlde gel electrophoresis of total ceil lysates obtained 
before (lane 1) and after (lane 2) induction with iPTG identified the reoombiriant fusion 
product fbr BliAl and for BIIA2. Rec BIIA1 and BIIA2 both are recognized by all three 
immune sera Oanes 5, 8, 1 1) and not by pre-immune sera (lanes 8. 9, 12) on immuno- 
blots. Immune recogrutiori was specific for the BIIA part of the fusion product as a control 
protein, a recombinant fusion product of B. bmris rebS (Iane3. Asp-6 to Lys-208. GenBank 
Acc. No.: 324137.1) expressed in PET32a was not recognized (lanes 7, 10. 13) by these 
sera. Also, immune recognition was peptide specific and not due to antibodies induced by 
the KLH carrier protein used for immunization as antiserum raised against a KLH-linked 
synthetic peptide unrelated to BliAl or BilA2 did not recognize the BIIA1 recombinant 
fusion product (lane 13). 

1-2.3. Immunoflu orescence microscopy 

To localize the BIIA. proteins in the parasite, immunofluorescence studies using rabbH 
antlsera against the sbc KLH-Tmked peptides of BIIA1 and BliA2 were peifbmied on a 
bovis in vftm cultures attached to glass slides tiy methanol fixation (Figures 3 and 4). 
Incubation with pre-immune sera (panels A, C, E) did not i^uit in any specific steining of 
parasites above a background signal of faint fluorescence derived from infected as well as 
non-infected eiythrocytes. in contrast, immune sera resulted in spedflc steining of 
parasites in any microscope fleld examined (panels B. D. F). Fluorescent parasites were 
detectable with anOsera against all three peptides at a dilution of 1 :5. Although intra- 
eiythrocytic B. bovis parasites and finee merozoites are small (-1 by 2 ^m) a maximal 
magitiflcation allowed a dear visualizatton of the staining pattern. 

Inhibition of /n viffira iiwa« ^ion bv peotide-sDecinc ai^ lsfti^ . 
A ft bovis in vitro invasion assay, allowing the study of the Invasion of eiythrocytes by 
free merozoites In a protein free buffisr within a time span of 1 h, was used to assess the 
effect of antisera directed against the 8 peptides derived from different domains of BIIA1 
and BilA2. Free merozoites were pre-incubated for i h at 20"C with the anU-pepflde 
antisera and with the control senim directed against a non-related peptide after which 
Invasion was sterted by the addition of eiythrocytes. AM antisera against the BIIA peptides 
gave rise to significant inhibition of invasion whereas pre-immune sera and control 
antiserum had no significant ^ed on invasion efflciency (Figures 5 and 6). For BIIA1 , the 
strongest effect of 65% + 1 6 Inhibition of invasion was obsen/ed by the antisemm directed 
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against peptidel; for BI1A2. the strongest effect of 70% ± 10 inhibition of invasion was 
observed by the antiserum directed against peptide 4. 



1.2.5, MaPDlno BIIA proteins on 2PHaels 
5 To determine whether BIIA1 and B1IA2 become exposed in the medium as soluble 
proteins during invasion of erythrocytes, thus constituting part of the SPA mentjoned 
above, Immunoblotting of invasion supematants was performed. BIIA1 and BIIA2 were 
localized on two-dimensional immunoblots. 50 ^g of concentrated invasion supernatant 
was separated by isoelectrofocussing followed by electrophoresis on SDS-polyacrylamide 

1 0 gels. Proteins were blotted on PVDF membranes. Exdsed parts of the membranes (45 to 
80 l^a) were Incubated with anti-BIIAI pepfide antlsera against peptides 1 or 3 (Figure 7. 
panels A and C respectively) as well as with anti-BIIA2 peptide antispra against peptides 
4 and 6 (Figure 8, panels A and C respectively). F\or both proteins, antibodies against 
peptides 1 and 4, were bound to the same specific spots (arrows) in addition to aspecific 

1 5 staining of proteins that were also present on control blots. These had been prepared from 
supematants of uninfeded red. blood cells (RBC) prepared under identical conditions but 
in absence of merozoites (Figure 7 and 8, panels B and D). Spots localized by 
Immunoblotting were subsequently matched to a silver-stained 2-D-protein gel of a similar 
sample that was obtained from a parallel experiment in which use was made of parasites 

20 that were metabollcally labelled with ^S-Met prior to invasion. Figure 9 displays tiie 
pattern obtained after exposure to film showing exclusively proteins of fl. bovis as 
erythrocyte proteins have not incorporated iabetl By using imaging software, ttie spots " 
' detected by immunoblotting witti anti-BIIAI -peptide antisera could be matched to a row of 
-70 kDa spots on the autoradiograph and on tiie silverstained gel (see arrows on Figure 

25 9). BIIA2 IS represented by spots of minor intensi^ Indicating a lower abundance of the 
native protein. 



LEGEND TO THE HGURES 



Figure 1: 

Lane 1: pET-BIIAI before induction with IPTG, 
5 Lane 2: pET-BIIA1 4 h after induction with IPTG. 

Lanes 4, 5, 6 incubated with antl-peptfde 1 ; 
Lanes 7. 8, 9 incubdted with anfi-pepiide 2; 
Lanes 10, 1 1 , 12 incubated with anti-peptide 3. 
10 Lanes 4. 7. 10 contain pET-BIIAI 4 h after induction incubated with pre-immune 
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Unas 5. 8, 1 1 the same as in lanes 4. 7, and 1 0, but incubated with immune seia. 
Lanes 8, 9. 12 contain p€T-Rab5 4 h after induction incubated with Immune sera. 
Lane 13: pET-BIIAI 4h after induction and incubated with antisemm again KLH- 
1 5 linked peptide unrelated to B. bovfs. 

Rgure 2: 

Lane 1: pET-BIIA2 before induction with )PTG. 
Lane 2: pET-BIIA2 4 h after inducfa'on with IPTG. 
20 Lane 3: pET-Rab5 4 h after induction. 

Lanes 4. 5. 6 incubated with ant^peptide;4; 
Lanes 7, 8. 9 Incubated with anti-peptide' 5; 
Lanes 10, 11, 12 incubated with anti-peptide 6. 

Lanes 4, 7. 10 contain pET-BIIA2 4 h after inductaon incubated with pre-immune seia 
25 of rabbits; 

Unes 5, 8. 1 1 the same as In lanes 4, 7. and 10, but incubated with Immune sera. 
Lanes 6. 9, 12 contain pET-RabS 4 h after induction incubated with Imi^une sera. 

Lane 13 contains pET-BIIA2 4h after induction and incubated with antisemm again 

KLH-linked peptide unrelated to B. bo\ris. 



Rgure 3: 

Panels A, C and E display methanol-flxed in vitro cultures of 8. bovis incubated with 
. pre^mmune rabbit antlsera against peptides 1 . 2 and 3 of BIIA1 respectively. Panels 
B, D, F are similar to A, C and E but incupated wltti ttie conwponding Immune seia. 
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Figure 4: ! 

Panels A, C and E display mettianol-flxed in vttm cultures df B. bovis incubated with 
pre-lmmune rabbit antfeera against peptide 4. 5 and 6 of BIIA2 respectively. Panels 
B. D. F are similar to A, C and E but Incubated with the corresponding Immune sera. 

Flgijre 5: 

Control columns represmt a pre-incubation with antisemm against a non-related 
peptide that gave no inhibition. Antisera (open baris) as well as pre-lmmune rabbit 
sera (black bars) against peptides 1, 2 and 3 of BIIA1 were tested twice In triple. 

Rgure 6: 

Control columns represent a pre-lncubatlon with antiserum against a non-related 
peptide that gave no inhibition. Antisera (open bars) as well as pre-immune sera 
(black bars) against peptides 4. 5 and 6 of BIIA2 were tested twice In triple. 

Figure 7: 

Panels A and G: 2D-immunoblots with Immune serum against BIIA1 peptides 1 and 3 
respectively. Panels B and D: 2D-iinmun0blots with pre-immune semm of rabbits 
Immunized with peptides 1 and 3 of BIIAl respecUvely. Arrows Indicate spots specific 
for antisera against peptide 1 ad well as peptide 3, 

Figure 8: . . _ 

Panels A and C: 2D-immunoblots with im^mune semm against BIIA2 peptides 4 and 6 
respectively. Panels B and D: 2D-immunoblots with pre-immune serum of rabbits 
immunized with peptide 4 and 6 of BIIA2' respectively. Arrows Indicate spots specific 
for antisera against peptide 4 as well as peptide 6. 

Figure 9: 

Autoradlograph of a 2D gel as used for the immunoblots presented In figures 7 and 8, 

displaying only B. bovIs derived protslns.that were iabeiied with 355-iyiei: by me^bollei: 
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CLAIMS: 



1 . Plroplasmid protein, characterised in that said protein comprises an amino add 
sequence having a similarity of at least 70% with the amino acid sequence depicted in 
SEQ ID NO: 2 or 4, or an immunogenic fragment of said protein. 

2. Plroplasmid protein, characterised in that said protein comprises an amino acid 
sequence having a similarity of at least 70% with the amino acid sequence depicted In 
SEQ ID NO: & or 8, or an immunogenic fragment of said proteia 

3. Piropiasmid protein, characterised in that said protein comprises an amino acid 
sequence having a similarily of at least 70% with the amino acid sequence depicted in 
SEQ ID NO: 10, or an immunogenic fragment of said protein. 

4. Nudeic add. charaderlsed in that said nudeic add encodes a protein according to 
daim 1 . or an immunogenic fragment of said protein. 

5. Nudeic acid, charaderlsed in that said nudeic add encodes a protein according to 
dalm 2, or an immunogenic fragment of said protein. 

6. Nudeic add, characterised in that said nudeic add encodes a protein acconling to 
daim 3, or an immunogenic fragment of said protein. 

7. cDNA fragment comprising a nudeic add according to one or more of the daims 4-6, 

8. Recombinant DIMA molecuie comprising a nudeic add according to one or more of 
the daims 4 > 6 or a cDNAfiragment according to dalm 7, said nucleic acid or said 
cDNA fragment being under the control of a functionally iiniced promoter. 

9. Live recombinant canler comprising a nudeic add according to one or more of the 
daims 4 - 6, a cDNA fragment acconJing to daim 7, said nudeic add or said cDNA 
fragment being under the control of a fundionally linked promoter, or a recombinant 
DNA molecule according to claim 8. 



1 0. Host cell comprising a nucleic acid according to one or more of ttie daims 4 - 6, a 
cDNA fragment accoitiing to dalm 7, said nucleic acid or said cDNA fragment being 
under the control of a functionally linked promoter, a recombinant DNA molecule . 
according to dalm 8 or a live recoml?tnant carrier according to claim 9. 

1 1 . Vacdne comprising a protein according to one or more of the claims 1 - 3 or an 
immunogenic fragment of said protein, a nucleic add according to on© or more of the 
daims 4 - 6, a cDNA fragment according to dalm 7, a recombinant DNA molecule 
according to daim 8, a live recombinant canler according to dalm 9, or a host cell 
according to daim 10, or a combination thereof, and a pharmaceutically acceptable 
carrier. 

12. Vacdne according to daim 1 1, charaderised in that said vacdne comprises an 
adjuvant 

13. Vacdne according to one or more of the daims 11-12, diaracterised in that said 
vacdne comprises an additionai Immiinoactive component or a nudeic add encoding 
said additional immunoadive component 

14. Vaccine, characterised in that said vaccine comprises an antibody against a protein 
according to one or more of the daims 1 - 3 or an antibody against an immunogenic 
fragment of said protein, of a combination thereof, and a pharmaceutically acceptable 
carrier. 

15. Method for the preparation of a vacdne according to daim 11. said mettiod 
comprising the admocing of a protein according to one or more of the daims 1 - 3, or 
an Immunogenic fragment of said protein, a nuddc add according to onS or more of 
the claims 4 - 8, a cDNA fragment according to claim 7, a recombinant DIMA molecule 
according to daim 8. a live recombinant carrier according to daim 9, or a host ceil 
accorfing to dslm 10, era ccn;bSnaaon thsrsof, snd a pharmsceuficesBy aeceptebie 



17. Use off a nucleic acid sequence according to one or more of the daims 4 - 6, a cDNA 
fragment according to claim 7. a recombinant DMA molecule according to claim 8, a. 
Bve recombinant carrier according to claim 9. or a host ceil according to daim 10 for 

the manufacture of a vaccine for prophylactic or therapeutic treatment of an infection 
or Its clinical signs caused by a Piroplasmid organism. 

1 8. Diagnostic test for the detection of a nucleic add associated vuith.a Piroplasmid 
organism, characterised in that the test comprises a nudeic add. said nudeic add 
being at least 70 % similar to the nucleic add sequence depicted in SEQ ID NO: 1. 3. 
5, 7. or 9 or a nudeic add that Is complementary to said nudeic add, wherein either 
of the nudeic adds have a length of at least 1 5 nucleotides. 

19. Diagnostic test for the detection of antibodies against a Piroplasmid organism, 
characterised in that said test comprises a protein according to one or more of the 
claims 1 - 3, or an Immunogenic fragment of said protein, or a combination thereof. 

2b. Diagnostic test for the defection of antigenic material from a Piioplasmid organism, 
characterised In that said test comprises an antibody against a protein according t^ 

one or more of the dalms 1 - 3 or an antibody against an Immunogenic fragment of 
said protein, or a combination thereof. 
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ABSTRACT 



The invention relates to a Piropiasmid pr rteii 

and to a nucleic add encoding said PIrodlasrnid protein or said immunogenic fragment 
Furthermore, the Invention relates to cDNA filgments. r«oombinant DNA molecules and 
live recombinant 

r—^-ia m%jGciu wiq. miso me invention relates to host 

cells comprising said cDNA fragments, r|corJblnant DNA molecules and live recombinant 
cameis. Finally, the invention relates to JacciUs comprising a Piropiasmid protein or an 
■mmunogenic fragment of said protein. tJ me hods for the preparation of such vaccines to 
the use of such proteins or fragments for|va4ne purposes, and to diagnostic tests. 



! 
I 
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SEQX7ENCE|-IiX6TING 
<110> trniversiteit Utrecht Holding B.V. 
<120> Babesia vaccine 
<130> 2003-010 
<160> IB 

<170> Fatentin version 3.2 



<210> 1 

<211> 1818 

<212> DNA 

<213> Babesia bovis 



<220> 

<221> CDS 
<222> (1) . . (IBIB) 

<400> 1 

atg cag tta cat aac aaa atg cag t€ia act tct etc aaa tat aac tac 
Met Gin Leu His Asn Lys Met Gin S *r Thr Ser Leu Lys Tyr Asn Tyr 
1 5 1 10 * 15 



aag cgc atg ctt tgt atg get ctt g 
Iiys Arg Met Z>eu Cys Met Ala Leu 
20 



ttt gcg gaa gat get tta get tec akc tec acg ctt ttc get ttc cac 
Phe Ala Glu Asp Ala Leu Ala Ser Asn Sar Thr Leu Phe Ala Phe His 
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:a eca gtt ate tta teg tea ttt 
Val Pro Val Xle Leu Ser Ser Phe 

30 



2 > 



aag gaa cca aac aat cgt agg ctt 
Lye Gl-u Pro Asil-Abu Arg -Arg -Leu- T 
• 50 



ace 



55 



ttg etc aac tea agg agg ggt teg 
Leu Leu Asn Ser Arg Arg Gly Ser 
65 70 



9ft 
A !p 



45 

aaa agg tct tea aga gga cag 
Lys Arg-Ssr Ser- Arg Gly Gin- 
60 

gat gcg tec gaa tct tec gat 
Asp Ala Ser Glu Ser Ser Asp 
75 BO 



aga tac cca ggt agg teg ggt ggc tfet aag aat teg age caa tec ccc 
Arg Tyr Pro Gly Arg Ser Gly Gly Ser Lys Asn Ser Ser Gin Ser Pro 
B5 I*. 90 95 

tgg ate aag tat atg caa aag ttc gac att ccc cgt- aac cac ggc tct 
Tr?y lie Lys Tyr X^et Gin Lys Phe illp He Pro Arg Asn His Gly S©r 
100 195 110 



48 



96 



144 



192 



240 



288 



336 



ctt gga aat ggt goe gac ttc etc gat ccc att tea tea gac aac cea 4eo 
Leu Gly Asn 61y Ala Aap Phe Leu Aap Pro zle Ser ser 1^ PrJ 

"0 155 ISO 

agt tac ogt ggt ttg gca ttc ccc gag act get gtg aac tct aat att Koa 
.Ser Tyx Arg Sly lbu Ma Phe Pre llu Thr Ila Vaf Sp til 

170 

^ ^ "^"^ ''S*^ 33*= ^^^'^ tea gca tct g'cg gee aaa 

Pro Bur Gin Pro Lya Thr Arg Gly Ser Ser Ser Ila Ser ill Sa Lvb 
i®0 185 . 190 

tta tet cet gtt teg gcg aaa gat ctg aga egt tgg gga tat gaa got 
Leu Ser Pro Val Ser Ala Lya Aap Leu Arg Arg My Tyr llu 1^ 

200 205 

aat gat gta gcg aat tgc tea gaa tat get agt aac etc att ccc gca 
Asp val Ala Asn Cya Ser Glu Tyx Ala Ser Abu Leu lie ^ 

215 220 

tea gac agg agt ace aaa tat agg tat cet ttt gtt ttt gac agt gat 
ser Aap Arg Ser Thr Lya Tyr Air^ Tyr Pro Phe Val Pha Lp sJr Isp 
"5 230 235 240 

aac cag atg tgt tac ata ctg tac tot gee ata caa tac aac caa gga 
Asn Gin Met Cye Tyr He Leu Tyr Ser Ala He Gin Tyr Asn 

245 250 255 

aat agg tat tgt gac aac gat ggt age tee gaa gat ggt aca age tct 
Asn Arg Tyr Cys Asp ASH Asp Gly Ser Ser llu Lp liy Thr ilr Ser 
260 265 270 

ilf, f ''^^ ^'^^ *Sf° 3<=^ sat gca cac tta tac 

Leu Leu Cys Met Lya Pro Tyr Lys Ser Ala Qlu Asp Ma His Leu tJS 

280 2B5 

^ l"^ f^^ gac ceo gat tgg gaa ga4 aat tgt ccc atg 

Tyr Gly Ser Ala Lya Val Asp Pro Asp TTp Glu Glu Asn C?s Pro Met 

295 300 



cac ccg gfta agg gat gee att ttt ggt aaa tgg tct ggt ggc tot tat 
His Pro val Arg Asp Ala He Phe Gly Lys T? ser Sly %ly s2 

310 315 320 

« 9°= aac age act gaa gac 
val Ala He Ala Pro Ala Phe Gin Glu Tyr Ala Asn Ser Thr 5lu Asn 
325 330 335 ^ 

If*" sat aac tct gca act gac ttg aat ate gaa 

Cys Ala Ala He Leu Pbe Asp Asn Ser Ala Wir Asp Leu Asn He Glu 
3*0 345 350 

3at ttt aat gaa ctt aaa gaa ttg ace gat ggg ctt 
Ala val Asn Glu Asp Phe Asn Glu Leu Lya llu Leu Thr Lp Ily III 
355 360 365 

aaa aga ttg aac atg teg aag gtt gca aac get att ttt tct ccc etc 

^ ^^"^ ^ »J-a lie Phe Ser Pro 

370 375 



576 



624 



672 



720 



768 



816 



864 



912 



960 



1008 



1056 



1104 



1152 



tec aat: gtt gca ggt acc agt cga att tea cgt ggt gtg ggt atg aac 1200 
Ser Asn Val Ala Gly Thr Ser Arg He Ser Arg Qly Val Gly Met Asn 
385 390 395 400 

tgg get aca tac gat^ aaa gat tct ggt atg tgt get etc att aac gsui 1248 
Trp Ala !£hr Tyr Asp Lye Asp Ser Gly Met Cys Ala Leu He Asn Glu 
405 410 415 

aca cct aac tgc ttg ate ttg aac gcg gga age att get etc acg get 1296 
Thr Pro Asn Cys Leu He lieu Asn Ala Gly Ser Xle Ala Xieu Thr Ala 

ilMI— 

fAV •ai«9V 

ata ggt tea cct etc gag tat gac get ^tt aac tat cct tgc cac ate 1344 
Xle Gly Ser Pro Leu Glu Tyr Asp Ala Val Asn Tyr Pro Cys His He 
435 440 445 

gac acc aat ggt tac gtt gag cca cgt ^ca aag aat acc aac aaa tac' 1392 
Asp Tlir Asn Gly Tyr Val Glu Pro Arg Ala Lys Asn Thr Asn Lye Tyr 
450 455 460 

ctt gat gtt cct tte gag gtc aca act get t:tg age atg aag aca c^a 1440 
Leu Asp Val Fro Phe Glu Val 'thr Thr Ala Leu Ser Met Lys Thr Leu 
465 470 475 4B0 

aaa tgc gat gee tat gtt cac ace aag tiac tct gac agt tgt ggt acc 1488 
Lys Cys Asp Ala Tyr Val His Thr Lys Tyr Ser Asp Ser Cys Gly Thr 
4B5 490 495 

tat ttc ctt tgc tea gac gtc aaa cct ^ac tgg ttc att agg ttc tta 1536. 
Tyr Phe Leu Cys Ser Asp val Lys Pro Asn Trp Phe He Arg Phe Leu 
500 505 . 510 

cac atg ate gga etc tac aac aca aag cgt ate gta ata ttc gtg tgc 1584 
His Met He Gly Leu Tyr Asn Thr Lys Aacg He Val He Phe val Cys 
515 520 525 

tgt acc -act acc- gcc- ate- gtt etc- act ate- tgg ata tgg cgc ttc 1632 

Cys Thr Thr Thr Ala He Val Leu Thr Xle Trp Xle Trp Lys Arg Phe 
530 535 540 

ate aag get aag aaa gag ceg gcc cct cca agt ttc gac aaa tac eta 1680 
He Lys Ala Lys Lys Glu Pro Ala Pro Pro Ser Phe Asp Lys Tyr Leu 
545 55Q 555 560 

age aac tat gat tat gat aca acc eta gat gcc gac aac gaa acg gaa 172 0 

Ser Asn Tyr Asp Tyr Asp Thr Thr Leu Asp Ala Asp Asn Glu Thr Glu 

565 570 575 



cacr cgt ttg- gat tec tct get tat age tgg gga gag get 
Gin Arg Leu Asp Ser Ser Ala Tyr Ser* Trp Gly Glu Ala 
530 ' sas 



gta. caa aga 
Veil Gin Arg 
SS-O 



1776 



<400> 2 

Met Gin Leu His Asn iys Met Gin Ser Thr Ser Leu Lys Tyr Asn Tyr 
^ .5 xo 15 

Lya Arg Met Leu Cys Met Ala Leu Val Pro Val He Leu Ser Ser Phe 
20 25 30 

Phe Ala Glu Asp Ala Leu Ala Ber Asn Ser Thx Leu Phe Ala Pits His 

40 ' 45 

Lys Glu Pro Asn Asn Arg Arg Leu Thr Lys Arg fier Ser Arg Gly Gin 
50 55 60 

Leu Leu Asn Ser Arg Arg Gly Ser Asp Asp Ala Ser Glu Ser Ser Asp 
^5 70 75 BO 

Arg Tyx Pro Gly Arg Ser Gly Gly Ser Lys Asn Ser Ser Gin Ser Pro 
BS 90 95 

Trp He Lys Tyr Met Gin Lys Phe Asp He Pro Arg Asn His Gly Ser 
100 105 110 

Gly lie Tyr Val Asp Leu Gly Gly Tyr Glu Ser Val Gly Ser Lys Ser 
115 12 0 125 

Tyr Arg Met Pro Val Gly Lys Cys Pro Val Val Gly Lys He He Asp 
"0 135 3^^^ 

Leu Gly. Asn Gly Ala Asp Phe Leu Asp Pro He Ser Ser Asp Asp Pro 

ISO • . 155 ISO 

Ser Tyr Arg Gly Leu Ala Phe Pro Glu thr Ala Val Asp Ser Asn He 
165 .170 175 

Pro Thr Gin Pro Lys Thr Arg Gly Ser Ser Ser Ala Ser Ala Ala Lys 
"0 1B5 190 

Leu Ser Pro Val Ser Ala Lys Asp Leu Arg Arg Trp Gly Tyr Glu Gly 
195 200 2 05 

Asn Asp Val Ala Asn cys Ser Glu Tyr Ala Ser Asn Leu He Pro Ala 

215 220 



Ser Asp Arg Ser Thr Lys Tyr Arg Tyr Pro Phe Val* Phe Asp Ser Aep 
225 230 235 240 

ASH Gin Met Cys Tyr lie I-eu Tyr Ser Ala lie "Gin Tyr Asn Gin Gly 
245 250 255 



Asn. Arg Tyr Cys Asp Asn Asp Gly Ser Ser Glu Asp Gly Thr Ser Ser 
260 265 270 

Leu Leu Cys Met Lys Pro Tyr Lys Ser Ala Qlu Asp Ala His Leu Tyr 
275 280 2B5 



Tyr Gly Ser Ala Lys Val Asp Pro Asp Trjp Glu Glu Asn Cys Pro Met 
290 235 300 

His Pro Val Arg Asp Ala He Phe Gly Lys Trp Ser Gly Gly Ser Cys 
305 310 315 320 



Val Ala He Ala Pro Ala Phe Gin Glu Tyr Ala Asn Ser Thr* Glu Asp 
325 330 335 



Cys Ala Ala He Leu Phe Asp Asn Ser Ala Thr Asp Leu Asn He Glu 
340 345 . 350 . 

Ala Val Asn Glu Asp Phe Asn Glu Leu Lys Glu Leu Thr Asp Gly Leu 
355 360 365 

Lys- Arg- Leu- -Asn Mefc-3er Lys Val Ala-Asn Ala He Phe Ser Pro Leu 
370 375 380 

Ser Asn Val Ala Gly Khr Ser Arg He Ser Arg Gly Val Gly Met Asn 
385 390 395 400 

Trp Ala Thr Tyr Asp lys Asp .Ser Gly Met Cys Ala Leu He Asn Glu 
405 410 415 

Tujc Pro Asn Cys Leu Hs Leu Asn Ala Gly Ses Ha Ala Leu Thr Ala 
420 <a25 430 



teu Asp val Pro PHe Glu Val ThrThr Ala Leu Ser Met Hye Thr Leu 

.475 480 

lora Cys A^p Ala Tyr Val His Thr Lya T^r ser Asp Ser Cys Oly Thr 
*B5 495. 

Tyr Phe Leu Cya Ser Asp Val Lys Pro Asn Trp Phe lie Arg Phe Leu 
500 505 sib 

H4b Met He Qly Leu Tyr Asa Thr Lys Arg Ho Val He Phe Val cys 
515 S20 

Cys Thr Thr Thr Ala He Val Leu Thr He Trp He Tip Lys Arg Phe 

^■^^ 535 

lie X-ys Ala Lys Lys Glu Pro Ala Pro Pro Ser Phe Asp Lye Tyr Leu 

550 555 

Ser Asn Tyr Asp Tyr Asp Thr Thr Leu Asp Ala Asp Asn Olu Thr Glu 
565 570 575 

Gin Arg Leu Asp Ser Ser Ala Tyr Ser Trp Qly Glu Ala Val Gin Atq 

585 590 

Pro Ser Asp Val Thr Pro Val Lys Leu Ser Lys lie Asn 
5^5 600 SOS 

<210> 3 
<211> 2349 
<212> DlIA 

<213> Theilerla axmulata 



<:^20> 

«;221> CDS 

<222> (1)..(2349} 
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<400> 3 

St tt^ w« rit 1?^ r " ^" tta aat 

Met Lys Lys lie Gly Leu Lys He Arg Ala Gin Lys Asp Lys Leu Aan 

^ . ^ 10 15 

cct gtg tta gga age aac tct gac cct teg gaa gag tat crat tea ttr. 
Pro val Leu Gly ser Asn Ser Asp Pro Se? Slu Ilu T^ K Ser She 



30 



fr^^ ^^'^ ^^'^ ''^^ ^c*: c^aa eta cac aaa tct cat 

Gin Gin Asn Val Phe Thr Hie Oln Pro Ifhr Gin Leu His ^ ser 
" 4o 45 



144 



r. f 



cac tac att aca cac cag aaa aaa acc age caa cac ate gac gat tta 
H±B Tyr II© Hir Hie Gin Lys Lys Thr Ser Gin Hie lie Aep Asp l*eu 
50 55 . ' 60. 



aat ttt tat aat gga aaa ttt aat caa aag age aga att ggt cca ggg 
Asn Phe Tyr Asn Gly Lys Phe Asn Gin Iiys Ser Arg lie Gly Pro Gly 
65 70 75 BO 

aag rjta gta nat aac agt agg aat ctg gta gaa ggt gaa aea eta tct 
Iiys Val Val Asn Asn Ser Arg Asn Leu Val Glu Gly Glu Thx Leu Ser 
85 " . 90 . BS 

aag gat gac aat aaa aca aaa tct aaa at a aag tea aaa aca gca tea 
Lys Asp Asp Asn Lye Thr Lya Ser Iiys lie t-ys Ser Iiys Thr Ala Ser 
100 105 110 

att tta cct aga ctt tta aaa tct tta tea ttt tta get gtt tta ggg 
He Leu Pro Arg Leu Leu Lys Ser Leu Ser PIib Leu Ala Val Leu Gly 
115 120 125 

tea att aat tea ttt tea tta gca tta gag gaa eet ttt act caa cac 
Ser He Asn Ser Phe Ser Leil Ala Leu Glu. Glu Pro Phe Thr Gin His 
130 135 140 

act tct aac cga acg ccc ttt gaa gta tea tta att caa age aac age 
Thr Ser Asn Arg Thr Pro Phe Glu Val Ser Leu He Gin Ser Asn Ser 
145 150 155 160 

agt tta teg cct att cat aat tct tea act caa aat tea agt cat cac 
Ser Leu Ser Pro He His Asn Ser Ser Thr Gin Asn Ser Ser His His 
. 165 170 175 

aac ggt ttt agt ggt agt acc gtt aat aat acc tea tta ata gag aca 
ASH Oly Phe Ser Gly Ser Thr Val Asn Asn Thr Ser Leu He Glu Thr 
180 IBS 190 

agg aat aac gta tta aac aga aca eta ggt aga ttc gga tea ttt ttg 
Arg Asn Asn val Leu Aan Arg Thr Leu Gly Arg Phe Gly Ser Phe. Leu 
195 200 205 

caa tea gga ttg ata age agt aga gca gac aaa aag aag egg tct ggt 
Gin Ser Gly Leu He Ser Ser Arg Ala Asp Lys Lys Lys Arg Ser Gly 
210 . 215 220 

atg aat aga aga. gge cct aag ggg aag aaa ggg aag gga gga gaa gac 
Met Asn Arg Arg Gly Pro Lys Gly Lys Lys Gly Lys Gly Gly Glu Asp 
225 230 235 ' 240 

gaa gaa aag agg aac aag tgg acc gat 'eta atg gca aag ttt gat ate 
*??.n i^i'3 I^vs aj:cs._Ji33.-Ii^€a .•XrolThr- .Asp ghe. Mat. 3.1g...Lv^g Phs Ji^sp He 



gta ggt aag gca ate ata etc gag aat gga tgct gat ttt ttg age age 9X2 
Val Gly Lys Ala lie He Leu Olu Asn Gly Ala Asp Phe lieu Se.r Ser 
•230 295 300 

ata acc eat cat gac ccc aag gag aga ggg ctg ggg ttc cct get aca 960 
He rChr Hie His Asp Pro Lys Glu Arg Gly Leu Gly Phe Pro Ala Thr 
3^>5 310 . . 3X5 320 

aaa gtt gee tea aat tea tea aaa ctg gac atg gag aac cag etc tta 1008 
Lys val Ala ser Asn ser ser Lys Leu Asp Met Glu Asn Gin Leu Leu 
325 330 . 335 

tea cca att agt get cag gtc eta agg age tgg aat tat aaa cac gaa xose 
Ser Pro He Ser Ala Gin Val Leu Arg Ser Tzp Asn Tyr Lys His Glu 
340 345 . 350 

tea gat tta agt aat tgt get gag tat tieg aga aac att gtt ecg ggc 1104 
Ser Asp Leu ser Asn Cys Ala Glu Tyr Ser Arg Asn He Val Pro Gly 
355 3et) * . 365 

agt aat egt aat tea aag tat egt tac ecg ttt gta tat gat gag tct 1152 
Ser Aan Arg Asn Ser Lys Tyr Arg Tyr Pro Plie Val Tyr Asp Glu Stfr 
.370 375 380 

gag aag ctt tgt tat att tta tat agt ccc atg cs^a tat aat cag ggc 1200 
Glu Lys -Leu Cys Tyr He Leu Tyr Ser Pro Met Gin Tyr Asn Gin Gly 
385 390 395 400 

gta aag tac tgt gac caa gac tct ecg gac gaa gga act age agt tta 1248 
Val Lys Tyr Cys Asp Gin Asp Ser Pro Asp Glu Gly Thx Ser Ser Leu 
405 410 415 

get tgt atg tac ecg gat aag age. aag gag gat tea cac eta ttt tac 1296 
Ala Cys Met Tyr Pro Asp Lys Ser Lys Glu Asp ser His Leu Phe Tyr 
420 425 430 

gga ace age ggt ctt cac atg gac tgg eet gta gtt tgc cca gtt tae 1344 
Gly Thr Ser Gly Leu His Met Asp Trp Pro Val Val Cys Pro Val Tyr 
435 440 445 

cct att aga gat teg att ttt gga tec tac gac gac caa aag gac gaa 1392 
Pro He Arg Asp Ser He Phe Gly Ser Tyr Asp Asp Gin Lys Asp Glu 
450 455 , 460 

tgt gtt cca att gag ecg ata ttt gag ^ag gag get gaa gat tat gag 1440 
Cys Val Pro He Glu Pro He Phe Glu Glu Glu Ala Glu Asp Tyr Olu 
465 470 475 480 

gca tgt gcc aag ata att ttc gag tat tct eea agt gat gtt gat att 1408 
Ala Cys Ala Lys He He Phe Glu Tyr ^er Pro Ser Asp Val Asp He 
485 490 495 

age aca aat aac cag aag ctt tea gac gtc gac ctt tae aag gag gcg 1536 
Ser Thr Asn Asn Gin Lys Leu Ser Asp Val Asp Leu Tyr Lys Glu Ala 
500 505 . 510 

atg aat aat gga aag ctg age act get dtt tea att atg ttt get cct 1584 
Met Asn Asn Gly Lys Leu Ser Thr Ala Leu Ser He Met Phe Ala Pro 
515 520 525 



Fmof .7Pit:u/n.q/9nna m!94 



agg tac tct gag gat cgt ccg ate tat act a^a ggt gtc ggt ata aac X632 
Arg Tyr Ser Glu Asp Arg Pro He Tyr liir Lys Gly Val Gly He Asn 
530 535 540 



tgg get aca tac tec gtc gag gaa aag aaa tgt aac att etc gac gtt 
Trp Ala Thr Tyr Ser Val Glu Glu Lys liys'Cys Asn He Leu Asp Val 
54S 550 555 S€0 



etc age tea ccc aat gaa gag gat get ata aat tac ccc tgc gat ate 
I,eu Ser Ser Pro Aan Glu Glu Asp Ala lie Asn Tyr Pro Cys Asp He 
580 585 590 



aag aag aat agg att tat eta tac ate ata ttg gca gta teg ctt gta 
Lys Lys Asn Arg He Tyr Leu Tyr He He Leu Ala Val Ser Leu Val 
690 * 695 700 



cac ttg aaa aaa cac aat. tec cag ata tat gaa gat gat aac gtg aac 
His Leu. Lvs Javs °i Bss3c GIil I1j=. T^tt Glu JLsp S.sp ^J3a Val Pjszl 



1680 



Qtt CCC age tgt ctt att ata agt aac ggc cac tat gee ett aca agt 1728 
val Pro Ser Cys Leu He He Ser Asn Gly His Tyr Ala i^eu ahr Ser 
565 570 575 ' 



1776 



gtt cag ggc aag ggg ttt ttg aag aac cca aac ggt gga aaa aag aat 1824 

Val Gin Gly Lys Gly Phe Leu Lys Asn Etc Asn Gly Gly Lys Lye Asn 

595 600 605 

*. 

get cag gaa ccg ccc aag gaa ect gaa cet gaa gaa cct aag aag gag 1872 
Ala Gin Glu Pro Pro Lys Glu Pro Glu Pro Glu Glu Pro Lys Lys Glu 
610 615 620 

ggt get gaa aac aaa ccc aaa gag aaa ggt aaa tct gag aaa aag aat 1920 
Gly Ala Glu Asn Lys Pro Lys Glu Lys dly Lys Ser Glu Lys Lys Asn 
625 630 635 640 

gaa aaa tct atg, cct tea gga cca ttc acg cca tac act age ttg aag 1968 
Glu Lys Ser Met Pro Ser Gly Pro Plie Thr Pro Tyr Thr Ser Leu Lys 
645 650 655 

aag gag ggt ttc gag tgc agt aaa tac act gtt gag egg gtg aac aaa 2016 
Lys Glu Gly Pile Glu Cys Ser Lys Tyr Thr Val Glu Arg Val Asn Lys 
660 665 • 670 

age tgc ggc gtt tac tat gaa tgc tea gaa acg cct gta tta ttt ace 2064 
Ser Cys Gly Val Tyr Tyr Glu Cys Ser dlu Thr Pro Val Leu Phe Thr 
675 680 6B5 



2112 



gta ctg gee gtc tta gcc tac ttt gga tad agg tac tac agt aag aat * 2160 
Val Leu Ala Val Leu Ala Tyr Phe Gly Tyr Arg Tyr Tyr Ser Lys Asn . 
705 710 715 720 



2208 



aga tct gaa gtt act cca gtc aga ate tct agg tta aac cat taa 
Arg ser Glu Val Thr Pro Val Arg He Ser Arg Leu Asn His 
770 



<210> 4 ' 

<211> 782 

<212> PRT 

<213> Theileria aimulata 



Met Lys Lys He Gly Lys He Arg' Ala Gin I^ys Asp Lys Leu Asn 

•^ 5 10 15 

Pro Val Leu Gly Ser Asn Ser Asp Pro ^er Glu Glu Tyr Asp Ser Plie 
2t> 25 ■ 30 ' 

Gin Gin Asn Val Phe Thr His Gin Pro Thr Gin Leu His Lys Ser His 
3S 40 45 



His Tyr He Thx His Gin Lys Lys Thr Ser Gin His He Asp Asp Leu 
^® 55 60 

Asn Phe Tyr Asn Gly Lys Phe Asn Gin Lys Ser Arg He Gly Pro Gly 
" 70 75 go 

Lys Val Val Asn Asn Ser Arg Asn Leu Val Glu Gly Glu Thr Leu Ser 
^5 90 95 

Lys Asp Asp Asn Lys Thr Lys Ser Lys 3;ie Lys Ser Lys Thr Ala Ser 
100 105 * 110 

He Leu Pro Arg Leu Leu Lys Ser Leu Ser Phe Leu Ala Val Leu Gly 
1" 120 125 

ser He Aan Ser Phe Ser Leu Ala Leu Glu Glu Pro Phe Thr Gin His 
"0 135 2L40 

Thr ser Asn Aa?g Thr Pro Phe Glu Val Ser Leu He Gin Ser Asn Ser 

ISO 155 160 

ser Leu Ser Pro He His Asn Ser Sex Thr Gin Asn Ser Ser His His 

170 ^y^ 

Asn Gly Phe Ser Gly Ser Thr Val Asn Asn Thr Ser Leu He Glu Tlir 

185 • 190 



Arg Aan Asn Val I»eu Asn Arg Thr Leu giy Arg Phe Qly Ser Plie Leu 
195 200 205 

Gin Ser Gly Leu He Ser Ser Arg Ala ^sp Lye Lys Lye Arg Ser Gly 
210 215 220 

Met ASH Arg Arg Gly Pro Lys Gly Lys Lys Gly Lys Gly Gly Glu Asp 
225 230 235 240 

Glu Glu Lys Arg Asn Lys Trp TSir Asp Phe Met Ala Lys Ph© Asp He 
245 250 25S 

2aa Lys Val His Gly Ser Gly Val Tyr Val Asp Leu Gly Glu Ser Ala 
260 265 , 270 

Thx Val Gly Ser Tyr Asp Tyr Arg Met Pro He Gly Lys Cys Pro Val 
275 280 285 

Val Gly Lys Ala He He Leu Glu Asn Gly Ala Asp Phe Leu Ser Ser 
.290 295 300 

He Th.r His His Asp Pro Lye Glu Arg Gly Leu Gly Phe Pro Ala Thr 
305 310 . 315 320 

Lys Val Ala Ser Asn Ser Ser Lys Leu Asp Met Glu Asn Gin Leu Leu 
325 330 335 

Ser Pro- He Ser- Ala Gin Val-Lfeu Arg Ser Trp Asn- Tyr Lys Kis du 
340 345 . 350 

Ser Asp Leu Ser Asn C!ys Ala- Glu Tyr Ser Arg Asn He Val Pro Gly 
355 360 365 

Ser Asn Arg Asn Ser Lys Tyr Arg Tyr Pro Phe Val Tyr Aop Glu Ser 
370 375 380 



Glu Lys Leu Cys Tvr He Lsu Tvtt Ser Pro Ket Gla Tyr Asn Sin Gly 
3B5 . ^S»0 395 -3rOO 



Gly TSxr ser Oly leu His Met Asp Trp Pro Val Val Cys Pro VaI Tyr 
*35 440 . 

Prp lie Arg Aep Ser He Phe Oly ser Asp Asp Gin l.ys Asp Olu 
" 455 4go 

cys val Pro He Glu Pro He Phe Slu Glu Glu ^a Olu Asp Tyr Glu 

475 480 

Ala cys Ala iys ile He Phe Glu Tyt ^er Pro Ser Asp Val Asp He 
485 490 495 

Ser ■Chr. Asn Asn Gin Lye I«u Ser Asp Val Asp I,eu Tyr Lys Glu Ala 
500 SOS . . 

Met Asn Asn Gly Xys Leu Ser Thr Ala Leu Bar He Hefc Phe Ala Pro 
5X5 520 525 

Arg Tyr Ser Glu Asp Arg Pro He Tyr Oto Lys Gly Val Gly He Asn 
" 535 540 

^ Ala Thr Tyr Ser Val Glu Glu Lys tyg cys Asn He I«u Asp Val 

SSS 560 



Val Pro Ser Cys Leu He He Ser Asn 4ly His Tyr Ala Leu Thr Ser 
565 570 575 

Leu ser Ser Pro Asn Glu Glu Asp Ala lie Asa Tyr Pro Cys Asp He 

585 

val Gin Gly Lys Gly Pha Leu Lys Asn Pro Asn Oly Gly Lys Lys Asn 

600 

Ala Gl^ Glu Pro Pro Lys Glu Pro Glu Pro-Glii Glu Pro Lys Lys Glu 
«>1» 615 620 

Gly Ala Glu Asn Lys Pro Lys Glu Lys Gly i.ys ser Glu Lys Lys Asn 

635 640 

Glu Lys ser Met Ser Gly Pro Phe OJir Pro Tyr Ihr Ser Leu Lys 

®*5 650 655 

Lys Glu Gly Phe Glu Cys Ser Lys Tyr TJir Val Glu Arg Val Asn Lys 

665 g7o 



Ser Cys Gly Val Tyr Tyr Glu Cys Ser Glu Thr Pro Val Leu Phe Thr 
675 6B0 685 

Iiye I.ys Asn Arg He Tyr Leu Tyr He He Leu Ala Val Ser Leu Val 
690 695 • 700' 



Val Leu Ala Val Leu Ala Tyr Phe Gly Tyx Arg Tyr Tyr Ser Lys Asn 
705 710 715 720 

His Leu Lys Lys His Asn. Ser Gin He Tyr Glu Asp Asp Asn Val Asn 
725 730 735 

Asn Tyr Tyr Asn Glu Asp Phe Asp Asp dlu Gin Asp Arg Asp Glu Tyr 
740 745 750 

Ala Ser Asn Val Arg Gly Asp Gin He Trp Ser Arg His Thr Pro Asp 
755 760 765 

f 

Arg Ser Glu Val Thr Pro Val Arg He ^er Arg Leu Asn His 
770 775 • 780 



<210> 5 

<2ll> 1968 

<212> DKA 

<213> Babesia bovis 



<220> 

<221> CDS 

<222> (1) ; ;<i96B> - - - - . . - 

<400> 5 

atg ate ggt tac ate aag att ctg gcc t^ct gtg ccc ctg tta agfc tta 
Met He Gly Tyr He Lys He Leu Ala Ser Val Pro Leu Leu Ser lieu 
1 5 10 15 

# 

gcc ttt tta get aca acg ggg ata cat get ttt geg gac aaa ggt att 
Ala Phe Leu Ala Thr Thr Gly He His Mia Phe 2aa IVsp Lys Gly He 
20 25 - 30 

ggt tea cca aag ggg aaa caa tgc aag aag caa ett gac ttt teg att 
Glv Ser Pro Lys Glv Lys Gin Cys Lys Lys Gla. Lsu Asp Phe S®r He 
35 * " • 40 - . 45 



X05 



«C3 aaa cfct gat Cgg atg aac ggt acc aaa got aog tat aert ato ar.o 
thr lors jeu ASP Ttp „et Aan Gly Tlu: liys La S| lly S^? 



12S 



288 



act gac ata cgt ctt teg ctt acc act ^ac tea act cca act coc cao' 
^ Asp lie ATS ^eu Sar Leu Thr Bu: Jyr Ser ^ gS 

85 90 SS 

r^l IV^ ff^ 5ct get gca igo agt acc agg etc gca etc 

lie Phe rbx Pje Le^ Asp Ala Ala Ala Ser sir Thr aS 2S Sa 2S 



384 



ilJ S f?« ^^"^ ''^^ 9" ^'^'^ «ta cca tat 432 

^ * ^ ^3 Ala lie Leu Pro Tyr 

"0 135 ; 140 



480 



528 



ggt cgc aag aat gta ccc aag gca ctg tka eta afce act ««■ ™™ - 

aly Arg Lys Asn Val Pro Lyil fla LeS S S ?2 

III S n?5 1*° ^ °*Sr ^tt gcg get atg ctt cgt gat 
Ser ser Asp Gly Ser Tyr Thr Ala Gin Val Ala Ala Met Leu A^g IS 
" 170 17§ 

185 ; 190 

I?* ^^^^ gat g^a ata atg gat tgt cct ata 

Glu cys Arg Gly He Val Gly Cys Asp Q?y He Me? Sp ?2 Se? 

200 205 

ttc aag cag acc aac tgg aag gat ate atg ggc etc ttt aac aat 
Phe Lye GZn Thr Asn Trp Lys Aap He ^e? |?y LeS s£ ^eu 

215 : 220 



624 



672 



atg aag gag gta tgt gat att tta cct cka aac act ctt trri- ««« 
Met Lys Glu val cys Asp He Leu Pro g1? IS I?? pJo 

230. \ 235 240 

gta tgg gca gaa tgg tea tct tgt aac ggg gaa tgt qqc att eet ooi- 
val Trp Ala Glu Trp Ser Ser cys Asn llu lly ?aJ 



816 



864 



2?0 255 

i!f ^ °" 9^'= °te cU atg att gaa aag ccc ota 

Lys Arg Thr Arg Ala Leu Leu Asp Leu Arg Me£ He IS P« ?S 

265 4 270 

s ^ ss IS i!s IS 

|S 2: ss.^L" IS ^ i ij: - - 

" 295 ^ 

g rj s sii IS ?s ?2 i c - 2? - s= «« 

r 315 320 



gaa cca act cct.gtt: aca ccg gaa ggt gac atg gat aaa tct cat tec 
Glu Pro T!hr Pro Val Thr Pro Glu Gly J&sp Met Asp I^ys Ser His Ser 
325 330 335 

cat- teg age att cca tco acc cct gat atg cca t:ca agt cac agt gat 
His ser Ser lie Pro Ser Thr Pro Asp IMtet Pro S.er Ser His Ser Asp 
340 345 ' 350 



atg tea tea age cct act gati atg tea tea age cet act gac atg tea 
Met Ser Ser. Ser Pro Thr Asp Met Ser Ser Ser Pro Thr Asp Met Ser 
355 360 365 

tea age cet act gac atg tea tea agt cac agt gac atg cca tea act 
ser Ser Pro Thr Asp Met Ser Ser Ser Hie Ser Asp Met Pro Ser Thr 
370 * 375 3B0- 

cet act ggc atg tea tea agt cac agt gat atg cca tea agt cac agt 
Pro Thr Oly Met Ser Ser Ser His Ser Asp Met Pro Ser Ser His Ser 
385 390 395 400 

gat atg cca tea age cac agt gat atg tea tea age ect act gac atg 
Asp Met Pro Ser ser His Ser Asp Met Ser Ser Ser Pro Thr Asp Met 
405 410 • 415 

tea tea agt cac get gat act cgt gta gga aat acc gat gaa gaa cat 
Ser ser Ser His Ala Asp Thr Arg Val Gly Asn Thr Asp Glu Glu His 
420 425 ; 430 

aac cac agg aaa gat atg gat gtc aag t^tc ecc gaa aat atg gat gat 
Asn His Arg Ziys Asp Met Asp Val Lys Fhe Pro Glu Asn Met Asp Asp 
435 440 445 

ate cca gtc gag gat aat cct ata ecc aca gat ect aga cat ggc gtc 
lie Pro Val Glu Asp Asn Pro lie Pro Thr Asp Pro Arg His Gly Val 
- - - 450- - 455 *' - - 460 - 

gaa cca teg cct tet gat gtg ate cct gag gat gac caa ett cgt agg 

Glu Pro ser Pro Ser Asp Val lie Pro Glu Asp Asp Gin Leu Arg Arg 
465 470 475 480 

t 

acg ett gaa atg cag cgc gaa ga^ gac cjta aag aag gaa ttg atg etc 

Thr lieu. Glu Met Gin' Arg Glu Glu Asp Leu Iiys Iiys Glu Leu Met Leu 
485 490 4S5 

caa cat gaa ctg aag ett cag gaa gaa aag gaa agg gea get att tta 
Gin His Glu Leu Lys Leu Gin Glu Glu L^s Glu Arg Ala Ala lie Leu 
50O 505 510 

gag aat aac act cet tat gga tee gee act tec gtg teg csar gac ggtr - 
t'Blu J'ji:si rjS2i lla^r Pro T^tt t^lv Sssr ?_la" Tim C^sz: VjlX SeS—GXa-JLEp 



aat get gat gtg acc gaa tct gag qac feat aacr an*. ««« 
Asn Ala val Thr Clu Ser |l2 |^ IS IJI 

So III S?'' ^^'^ act aag att gcc ggc 1776 

Aflp Olu Ser Ajn Olu Arg Ser Thr Ser Thr •Ehr LyI He 

585 , 530 



5?. U; SS Si 2J r,.s I!? 

CiOO 60S 

s? ^ ^ ^ SI s k us ?s - if, - 

1 620 

1:= IS s s: t - - - ^ 

030 535 



640 



s gs is; is; g: - is s: si — 

655 

<210> 6 f 
<211> 655 / 
<212> PRT > 
<213> Babesia Jbovis ; 



<400> 6 



Mat He Gly xyr lie i.yB He i.au Ala Val Pro leu Leu Ser 
* • ^0 15 

Ala Phe Leu Ala ^ Thr Gly He Hia Aa Ehe Ala Asp Lya aiy He 

. ■ : 30 

Oly ser Pro Lys Gly Lya Gln cys Lys I.U Gin Leu Asp Phe Ser He 

. 40 { .43' 

val val Asp Gl« ser Ala Ser He ser aLp Aap om Trp Glu Gly oin 

" ^ 60 

I 

Met He Pro Phe Leu abh Leu He His Thr Val Aap Leu Asp Asn 

t 

Thr Asp He Arg Leu Ser Leu Thr Thr' o^r ser Thr Pro War Arg Gin 
85 90 55 

t 

He Phe Thr Phe Leu Asp Ala Ala Ala Ser Ser Thr Arg Leu Ala Leu 

I 

i 

e 



Thr Lys Leu Asp Txp Net: Asn Gly Thr Xiys Ala Arg Tyr aly Met: Thr 
115 120 i 125 



Tyr Thr Gly Arg Ala Leu Asn Tyr Val jlrg Lys Ala lie Leu Pro Tyr 
13 0 135 140 



Gly Arg Lys Aan Val Pro Lys Ala Leu Ilieu Leu lie Thr Asp Gly Val 
145 150 \ 155 . 160 

• * 
> 

Ser Ser Asp Gly Ser Tyr Thr Ala Gin Ala Ala Met Leu Arg Asp 
1S5 3i70 175 

\ 

' { 

Glu Gly Val Asn Val Met Val lie Gly Val Gly Asp Val Asn Val Ala 
180 185 j 190 

r 

Glu Cys Arg Gly lie Val Gly Cys Asp G,ly lie Met Asp Cys Pro Met 
195 200 205 

Phe Lys Glu Thr Asn Trp Lys Asp He Met Gly. Leu Phe Asn Ser Leu 
210 215 I 220 

\ ■ 

Met Lys Glu Val Cys Asp He Leu Pro GSLn Asp Ala Val Cys Glu Pro 

225 230 ! 235 240 

I 

I 

Val Trp Ala Glu Tsrp Ser Ser Cys Asn c^y Glu Cys Gly Val Pro Gly 
245 2^0 '255 

Lys Arg Thr Arg Ala Leu Leu Asp Leu Akrg Met lie Glu Lys Pro Val 
260 265 i * 270 

I 

1 

( 

Asn Gly Ser Asn Gly Gin Pro Gly Lys sfer Cys Glu Asp Gin Lys Met 

275 280 \ 265 



Asn Phe Leu Pro Gin Ser Glu Thr Cys Thr He Glu Cys Asn His Glu 
230 295 300 

I 

iSTo U3T. 5rcr-i322r Scr r-r:? Glu T-o 2cr Ilipis iO-iin.. jLssj- 2 -io 



Met Ser Ser Ser Pro Tto Asp 
355 



Ser Ser Pro Tlir Asp Met Ser 



Met ser Ser Ser Pro Tlir Asp Met Ser 
360 . 



370 



375 



Ser Ser Efis Ser Asp Met Pro 



380 



Ser Thr 



Pro Thr Gly Met Ser Sex Ser His Ser „et Pro 



350 



3SB 



Ser Ser His Ser 
400 



ASP Met pro ser ser His Ser Asp Met jer S^r Ser Pro Thr Met 



ser ser Ser Ala Asp Thr Axg Val dly Asn Thr Asp clu Glu His 

. 430. 

Asn His jrg l.ys Asp Met Asp val z.ys ^he Pro Glu Ab= Met Asp Asp 

I 445 

He Pro val Glu Asp Asn Pro He Pro -L Asp- Pro Acg His Gly Val 

: 460 

Glu Pro ser Pro Ser Asp Val He Pro Jlu Asp Asp Gin l.eu 



465 



470 



1 475 



Thr Deu Glu Met Gin Arg Glu Glu Asp Ueu I.ys I.ys Glu 
4B5 



4^0 



Arg Arg 
460 



Xieu Met Leu 
495 



om His Glu jeu Lys x.eu Gin Glu Glu lU G1« Arg Ala Ala He l«u 



505 i 



510 



Glu Asn Asn Thr Pro Tyr* Gly Ser Ala tL: Ser Val 



520 



Ser Gin Asp Gly 



525 



Glu Ser Pro Thr Gly Val Pro Gin Ser S< 



530 



535 



pr Glu Thr Asp Ala He Arg 
540 



His Glu val Tyr Asp Asp His Pro Glu gL Ser Glu Asn Thr 



550 



555 



Gly He 
560 



Asn Ala Asp Val Thr Glu ser Glu 



^ ^^"^ ^^"^ 



575 



ASP Glu ser Asn Glu Arg Ser Thr Ser A^n Thr Thr Lys He 



585 



! 



590 



Ala Gly 



Gly Ala Ii'eu Leu Gly Leu Leu Leu Leu Gly Ala Gly Gly Gly Tyr Ala 
595 600 I 605 

Met Tyr Lys Lys Asn Lys Thr Pro Thr Val Glu -nir Gly Ser Gly Asp 
6X0 615 620 



Tyr Thr Gly Ala Asp Glu Ser Ser Glu Etro Met Lys Glu Gly Asp Thr 
625 630 i 635 640 

I 

Tyr Thr Val Thr Glu Phe Asp Asn Asn iJle Trp Gly Glu Ala Ala 
645 ^150 655 



<210> 7 

<211> 1047 

<212> BNA 

<213> Theileria annulata 



<22a> 

<221> CDS 
<222> (1) . 



(1047) 



-<400> 7 

gat aag ggg eta tat 

Asp Lys Gly. Leu Tyr 

1 5 

cac agg gaa ttg gac 
His Arg Glu Leu Asp 

- 20- - - 

tat att gaa gag tgg 
Tyr lie Glu Glu Trp 
35 



cct gac ggt ata 
Pro Asp Gly lie 



t:ta aca ata tta 
Leu Thr lie Leu 
25 

aac aaa etc att 
Asn Lys l«eu lie 
40 



akg aaa ccg age 
Lys Lys Pro Ser 

10 

1 

gjcc gat gaa tec 
Val Asp Glu Ser 

c'ca ttt ctt aaa 
Pto Phe Leu Lys 
i 45 



tec tac tgc 
Ser Tyr Cya 
15 

teg agt ate 
Ser Ser lie 

30 

tea ctg gtg 
Ser Leu Val 



aga tea ata aat ata agt cca aat tat gtg eao ttg tea atg gtc ace 
Arg Ser lie Asn lie Ser Pro Asn Tyr V^l His Leu Ser Met Val Thr 

50 55 60 . 

ttt tec act tea att egg tgg tta ata tea ttt etc gac cca gcc tct 
Phe Ser Thr Ser He Airg Trp Leu lie Ser Phe Leu Asp Pro Ala Ser 
S5 70 I 75 80 

aaa. oat: eaa caa tta acc cfctr get gfcfc. cfeg gac aag ctg aag aac agt: 
L-'-s 5_£"e3 Ql^k £*an plla Lau ^lia \"?.T. l^ki^.Zjs.'p Lys Leiii Lya P-ds sea: 

-.c i'B 



48 



96 



144 



192 



240 



2as 



Se ill xll ill f r I?* ^ "3 ^''^ ^^'^ 9tt act tct 

130 ^ ^^'^ ^^"^ Thr Gin Thr ABn Val Thr Ser 

13S ; 

??f o*"^ ^'^^ 3**= 9=t |gt gta aca att eta gtt gtt 

Ola Ala ser Ala Leu Leu Arg Aep Ala qiy Val Thr He LeS 



155 



160 



gga gtt ggg aag get aaa gaa age gag tfgt aga gcit ata atfc aat- t-«*^ 
Gly val Gly Lys Ala Lys Glu Ser llS Sb zli fj. If y ^ 

16S :^7o 



tct ace aaa 
Ser Thr Lys 



att ate agg 
lie lie Arg 
195 

cct aag gac 
Pro Lys Asp 
210 



gga gag tgc ccc ctt tte 
Gly Glu Cy& Pro Leu Phe 
iBo 

aag gtt ggg gag ttg atg 
Iiye Val Gly Glu t.eu Met 
200 

gee gta tgt aag ccg ate 
Ala Val Cys Lys Pro He 
215 



ttt atg ace aao tgg gat gaa 
Met Thx Aan Trp Asp Glu 
190 

get gag gtt tgt gag ace att 
Ala Glu val Cys Glu Thr He 
' ' 205 

*. 

tigg tct gat tgg tct aag tgt 
Tjcp Ser Asp Trp Ser Lys Cye 
; 220 



g| ^ IS ?s s ^ sj: - is g 
?s ;s s's s| ?s ^ 5; 1:1 ^ ^ 

2;50 255 



aea tgt gag atg att tat gag aae gtc 
Thx Cys Glu Met He Tyr Glu Asn Val 
260 265 

tec gtt gag tet aag att get gga gga 
Ser Val Glu ser Jjya He . Ala Gly Gly 
275 280 

ctt gea gge gga ggt ggt tac aca tac 
Leu Ala Gly Gly Gly Gly Tyr Thr Tyr 
290 295 

aga gtg agt gaa act acg aat ttg gat 
Arg Val Ser Glu Thr Thr Asn Leu Asp 
305 

ggg aac cgt ggt gta agg gag agt gtg 
Gly Asn Arg Gly Val Arg Glu Ser Val 
325 

gat tta gat gat gga etc tgg age caa 
Aep Leu Asp Aep Gly ieu Trp Ser Gin 

345 



gag gtt eca aag gag gag tgc 
Glu Val Pro Lys Glu Glu Cys 
* 270 



gtg get eta gca ctg tta atg 
Val Ala Leu Ala Leu. Leu Met 
\ 285 

t^c aaa aag tac ggt tta tct 
Tyr Lys Lys Tyr Gly Leu Ser 
! 300 



gag 

G^u 

i 

? 

ggf 

Gly 
330 

i 

t^c 
S'^r 

\ 

1 



gat ttt gca gat tef agt 
Asp Phe Ala Asp Ser Ser 
315 

gaa get tac aca gta act 
Glu Ala Tyr Thr Val Thr 
335 

aat caa taa 
Asn Gin 



432 



480 



S28 



575 



624 



672 



72 0 



768 



616 



864 



912 



960 



1008 



1047 



I 



<210> 8 { 
<211> 348 \ 
<212> PRT \ 
<213> Theileria axmulana * 

\ 

<4t>D> 8 i 

Asp Lys Oly Leu Tyr Pro Asp Gly lie iys Iiye Pro Ser Ser Tyr Cys 
1 S lO 15 

1 . . 

His Arg Glu Leu Asp Leu Hoj: He Leu Val Asp Olu Ser Ser Ser He 
20 25 [ 30 

t 

Tyr lie Glu Olu Trp Asn Lys Leu He ]llro Plie Leu Lye Ser Leu Val 
35 40 j 45 

\ 

Arg ser He Asn He Ser Pro Asn Tyr X^al Hia Leu Ser Met Val Thr 
50 . 55 S 60 

\ 

Phe Ser Thr Ser He Arg Trp Leu He Ser Plie Leu Asp Pro Ala Ser 
€5 70 j 75 80 



Lys Asp Glu Gin Leu Ala Leu Ala Val Ljeu Asp Lys Leu Lys Asn Ser 
85 9J0 sis 

I 

Lye Pro Val Phe Gly Tyr Thr Phe Thr <SLy Gla Ala Leu Asn Phe He 
100 105 i 110 

I 

Ser Glu Ala val" Tyr wet Phe Gly Ala Arg Arg -Asn Ser- Pro Lys -Gly 
115 120 j 125 

i 

He He He He Thr Asp Gly Ser Ser Tkr Gin Thr Asn Val Thr Ser 
130 135 I 140 

{ 

Gin Ala Ser Ala Leu Leu Arg Asp Ala Gly Val Thr He Leu Val Val 
145 150 155 160 



Gly Val- Gly Lys Ala Lys Glu Ser Glu cis Arg^ Gly Ha V^al Gly Cys 
165 " 170 175 

i 



Pro liya Asp Ala Val Cva Lvs Pt-o tt** m~ •« * « 

210 ^ JJJ ^® P=P Trp 8bt iys Cys 



220 



jap Ala I.ys cys Oly lie oly Thr" ^ Lys Le. Met Gly 

230 J 23S 



Val 
240 



mir Thr lie Ser Glu Pro Thr Val 
245 



Gly 4hr Asn Gly Lys Ser Qly Arg 

2S0 oce 



Thr Cys Glu Met lie Tyr Glu Asn Val 
2^0 



Glu Val Pro Lys Glu Glu Cya 



270 



ser val Glu Ser Is^s He Ala Oly Gly 4l Ala Leu Ala. r^u Met: 

280 } 285 



Leu Ala Gly Gly Gly Gly Tyr Thr lyx ^ Lya Lys .yr Gly Leu 



Ser 



Arg val Sar Glu Thr Thr Aen Leu Asp G(lu Asp Phe Ala 



310 



I 



315 



Asp Ser Ser 
320 



Gly Asn Arg Gly val Arg Glu Ser Val cil 



325 



y Glu Ala Tyr Thr Val Thr 



335 



340 



Asp Leu Asp Asp Gly Leu Tip Ser Gin ^r 

i 



345 



Asn Gin 



<210> 9 

<211> 2259 

<212> DNA 

<213> Babesia bovis 



. <220> 

<221> CDS 

<222> (552) . , (2189) 

<400> 9 

ataagatgta gcactgatgt 
ctgggcgcaa cbccctaatg 
cgctcaaaac cgcagtgaat 
cctaacaaag gccattgtat 
agggtacatc aaatccctga 
ataaaagcaa atttaattgt 
ccgtcctggt cccgcgatftt 



gtgtactcgg actctgacac 

gagtgccgct cccaggaggc 

gttagctaca atatgtacat 

cgtcaatgtg gtct^ccagt 

gaacacctiat cgtc&ggtgt 

agatattgta aaaa|act:gt 

ggataccgct gtgciacgct 
1 
1 



tggagtatag 

cacagaacaa 

attgtcatgg 

ggacgtcgtt 

tacggtggta 

aaaattggt:t 

ttgcacggaa 



gctaccagaa 
tggagtacaa 
agtfccgtaat 
tgtggaggcc 
^.^Sr99ttact 
agtgcttgca 
tcacgacgbc 



i 



60 

120 

aao 

240 
300 
360 
420 



gtgcataacg ctg1:gctt:at: gacttcgtac acai:caaacg actttaactg ccgttggttt 

atat;acgi:t:g gcgttaggtt: gttttgggtg ttattgtact gtggaatcat acacattcta 

1 

cacgtgticat g atg gtg aag ttc cac acajtta teg gth gca gcc ate ctg 



Met Val' Lye Phe His Thx 
1 5 



gcg att 
Ala Xle 
15 



get tea tec aat act att 
Ala Ser Ser Asn Thr lie 
20 



lieu Ser Val Ala Ala lie Ia&ji 
10 



ttt $ct 
Plxe " 



r 



aca ttt aga tea aat gga 
Thx Ptie Arg S^r Asn Oly 
25 



aaa acc ttc gga gat gaa tct gtt age ctt eta gaa cat gaa agt acc 
Lys Thr Phe Gly A^ Olu -Ser Val Ser l|eu Leu Glu His Glu Ser Thx 
30 35 } 40 45 



agt ttg tct cgt ggt cct aga cca acc 
Ser lieu Ser Arg Gly Pro Arg Pro Thx 
50 



|aa gat caa ate agt cag tta 
ilu Asp Gin Xle Ser Gin Xieu 
^5 60 



cca aaa aat gtt, ttc ttt eta ttg gat ^ac age att gat atg tct att 
Pro iys Asn Val Phe. Phe Leu Leu Asp iian Ser He Asp Met Ser He 
65 70 I 75 



gaa act gga gaa gag aat cgt cat ttc 
Glu Thr Gly Glu Glu Asn Arg His Phe 
BO 85 



stc tec gag ttt ttt aaa ttg 
j.eu Ser Glu Phe Phe Lys Leu 
90 



tta aaa aaa tat gaa gga ata aat gtt tlca eta ata agg tac aat agt 
Leu Lys Lys Tyr Glu Gly He Asn Val dar Leu He Arg Tyr Asn Ser 
95 100 1 105 



gaa gaa ccg tta ggt teg acg aaa gca 
Glu Glu Pro Leu Gly Ser Thr Lys Ala 
110 115 



t|ta acc aac ggg gag ttg aaa 
L^au Thr Asn Gly Olu Leu Lys 
120 12 5 



aaa eta tec gat aat att cct act aaa atg cct ttt gac att ggc gtt 
Lys Leu ser Asp Asn He Pro Thr Lys IV^t Pro Phe Asp He Gly Val 
130 ijas 140 

gtt cct act ggt ata gga get gcc etc aia cag ata aaa aca ttg tac 
Val Pro Thr Gly He Gly Ala Ala Leu Lys Gin He Lys Thr Leu Tyr 
145 150 I 155 

a ic acc att act gag ttg gat 
Apn Thr He Thr Glu Leu Asp 
170 



cct gat cac gaa aag ttc ctt gtt ggg 
Pro Asp His Glu Lys Phe Leu Val Gly 
ISO 165 



tat tct aaa gca ttg ggt aag gst att gtt gta ate gtg ttt act acc 

Tvr Ser.Lvs ^jL£_Leu. Glv Lvs ^^jsp He..V£vL Val IlQ Vsil Phe Thx Thar 
\7U ICO i 1£5 



4B0 
540 
590 

63*8 

686 

734 

782 

830 

878 

926 

974 

1022 

1070 

Hie 



^ ^ js^: - r 

22S |ys Hxs Tyr Asn Tlu: cye leu 

agt tat att egg gee aaa 

- ^ J. «| L» s: - ^ - 2„. ^ ^ 32 



^ ?5 

«sn arg He val Ser l^ys Arg Ji^ 
2S0 



s" S s IS i« 

27a . ?^ Pro Asn ibr 

2 75 



250 

P*" ^f'' ttg 

Lys Asp Ala Val cVr t.J. 

265 " 



gaa aaa teg gat gtg agg 

285 



'^l ?2 12 S J,- - 1 . =« o« Z 

290 ' ^ igf ^« I-eu Thr Oly ser 

' 300 



3Z0 

gat atg cag aaa- aga caa ^ 

MP ^ ;^ jjj jtt 

325 



^srt sat gag cag eta aag 
"ihr CVs Asp oiu Gla Leu Lyf 
315 

c tea aat aag tgt got ccc 
Ser Aaa Lys cys lia Pro 
330 



- B - - s ?s s= ± - ni s s Si 

345 



Si JJ! ^« °ta gat 

^^a Lye Asp Phe Lya Giu Val Leu lap 

355 



s |s s s-s s ^ «f 

390 



SP9 



9 

3.75 



345 

tea tct tac aga tea cgc 
Ito ^ ^ 

355 

n?- f 9gt tot oaa 
Oln Gin Thr Gly sar ola 
3B0 



405 



""^^ age tea 

Thr ser l«u oiu ser Ser 
395 



gga gaa 4gt gat aoa gaa aca 
y Olu ser Asp Thr Ilu iS 
410 



tac - I • 

j 425 
gat gag ccc act afcfc ^ 1 

oiu P„ |„ 52 S,' S ± 1^ c - «3 

435 7 Val Gin I,ys Val 

440 _ 



4 
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445 

tec acc cat ctt ccc aac 
Ser Thr His i^u Pro Asn 
450 



1252 



1310 



1358 



1406 



1454 



1502 



1550 



1538 



1546 



1C94 



1742 



1790 



1B3B 



1886 



1934 




ggt aaa aag acc acg ate gtc gtt ggt dtt ata tgc ctt gta 
Gly Lys Lye Thr Thr lie Val Val Gly lie Xle Cya Leu Val Val lie 
4B0 485 i 490 



tgc gcc gtc ata gcc ggc gcc tac eta 
Cys Ala Val He Ala Gly Ala nVr Lmi 
495 500 



gtg gaa etc acc tct gaa gag ggt gac 
Val Glu Leu Thr Ser Glu Glu Gly Asp 
510 515 



cc ctt tea cag caa gag tct 
Ser r.ek\i J?er Gin Gin Gl'j ^er* 
505 



itc ttg aac gac act acg ggt 
I he Leu Asa Asp Thr Thr Gly 
520 525 



ggt caa cct gag gta etc gaa aea caa 
Gly Gin Pro Glu Val Leu Glu Thr Gin C 
5.30 



cag 



gtt gtg gat gca gag aac 
In Val Val Asp Al^ Glu Asn 

540 



£35 



aaa aca tgg ttg taa gacacgaaac 
Lya Thr Trp Leu 
545 



gggttctcac agccaacata tacaaatgca 



gtttaaatta agtcactagt taaaaaaaaa 



<210> 10 

<211> 545 

<212> PR.T 

<213> Babesia bovis 



<220> 

<221> misc^feature 

<222> (305) . , (305) 

<223> The 'Xaa' at location 305 stasi^ f or Arg/. or Lys_, 



<400> 10 

Met Val Lys Phe His Thr Leu Ser Val A La Ala jle Leu Ala lie Ala 



1) 15 



ser Ser Asn Thr Xle Phe Ala Thr Phe 
20 25 



Ajrg Ser Aen Gly Lys Thr Phe 
30 



2078 



2126 



2174 



2229 



2259 



Gly i\3p vSla. S^r Val Ssr Leu Leu Glu m.s Glu Ser Tbr Ser Leu Ser 
35 40. • 45 



Olu Glu Asn Arg His Phe r.. ser Git. ke i.y. x.eu Leu I.ys Lys 

$0 35 

«»x CXy XI, ^. V.1 s.r I... 11. TV. A.. axu Olu Pro 



Leu Gly Ser Thr Lys Ala Leu Thr Asn 



115 



120 



110 



^Sly Olu Leu Lye Lys Leu Ser 
125 



Asp Asn lie Pro Thr Lys Met Pro Phe 
"0 3^35 



4sp lie Gly Val Val Pro Thr 
140 



Jly lie Oly Ala Al^ jeu l.yB Gin He .ys Thr Leu Tyr Pro Asp Hi« 

160 

Glu Lys Phe Leu Val Gly Asn «u: He L Glu Leu Asp Tyr Ser Lys 

3 70 



Ala Leu Gly Lye Asp He Val Val lie 



IBO 



185 



lie Asp Pro Tyr Leu Ala 



195 



Gly val Arg Phe Tyr Val He Asn Arg dly Gly Lys 



175 



Aijal Phe Thr rtic Gly His Val 
190 



Tyr Asp Glu Phe Asp Ala Axg Arg Asn 



205 



215 



^ Thr Gin Leu Leu Gly cys His Tyr Thr 



230 



«. -„ II. TJj «x, pro s„ 1.. ^ x^ ^ ^ 

250 255 



220 



Ala Lys Aau Tyr 



235 



Cys Leu Ser Tyr He 
240 



Arg Xle Val ser Lys Arg Ala Lys Asp Aia Val Cys Leu oiu val Trp 

265 4 



Thr ASP Tyr Lys Pro Asn Glu Lys s|r Asp Val Arg He Me. rt. 



Ser Thr Leu Lys Leu Tyr Lys Thr 



290 



295 



Leu l4u Thr Gly Ser Phe Ala 



Xaa Asn He Lys Gly jeu Thr. Cys Asp g|u Gin Leu Lya Asp .^t Gin 



270 



285 



300 



Glu 



315 



320 



r 



Iiys Arg Gin lie Phe Cys iyr Ser Asn iLys Cya Ala Pro Tbr Xle Tyr 
325 930 335 



Ser Arg Ser Tyr Val Asp Leu Ala lie (Sin Arg lieu Asn Ala Iiys Asp 



340 



345 



350 



Phe Iiys Glu Val Leu Asp Glu Ser Ser Ty^ Arg Ser Arg Ser Leu Gin 



355 



360 



Ser Val Glu Lys His Asn Glu Gin 61n 
370 375 



Ser Gly Ser Ala Arg Val Glu Tin: Ser ieu Glu Ser Ser Val Pro Ser 



3B5 



390 



liir 



365 



Gly Ser Gin Glu Thr Leu 
3B0 



Ser Tyr Val Ala Glu Leu Gly Glu Ser 
405 



395 



400 



ap 
410 



Leu Glu Tyr lie Asp Lys Asn Gly Val Thr 
420 425 



rChr Glu Hhr Tyr Lys Gin 
415 



Val Phe Asn Asp Glu Pro 
430 



Thr Val Val Val Asp Thr Pro Glu Tyr \i^l Gin Lys Val His Glu Arg 
435 440 I 445 



Glu Met: Gin Plie Asp Glu Glu Ser Thr 
450 455 



His His Pro Pro His His Arg I-ys Gly 
465 - 470 



Leu Pro Asn Ser Gly Asn 
460 



j^4La Asn Gly. Ser-Gly Lys. Lys 
475 480 



Thr Thr lie Val Val Gly lie He Cys 

4B5 4 



Li^u Val Val He Cys Ala Val 
]}Q 495 



•He Ala Gly Ala Tyr Lqu Ser Leu Ser g; 

500 505 



n Gin Glu Ser Val Glu Leu 
510 



Tbr Ser Glu Glu Gly Aap Phe Leu Asn Asp Thr Thr Gly Gly Gin Pro 
515 520 *j 525 



<210> 11 

<211> 22 

<212> * DMA 

<213> Artificial 

<220> 

<223> primer i 
<400> 11 

caacggctct ggaatctat:? tc 



<210> 12 

<211> 24 
<212> 

<213> Artificial 
<220> 

<223> primer 2 

<400> 12 

caaaaggata cctatatttg gtac 

<210> 13 

<211> 27 

<212> DMA 

<213> Artificial 

-!:220> 

<223> Primer 3 
<400> 13 

tgtggtagat gaatctgcta gtatatc 

<210> 14 

<211> 27 

<212> DMA 

<213> Artificial 



24 



27 



<220> 
<223> 



Primer 4 



<400> 14 

ctatgccacg gcattcagca aeattta 

<210> 15 

<211> 2 7 

<212> DNA 

<213> Artificial 



27 



<220> 
<223> 



Primer 5 



<400> . 15 

cccggatcca tgcagttaca taacaaa 



27 
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<210> 16 

<211> 27 

<212> DNA 

<213> Artificial 

<220:> 

<223> • Primer 6 
<400> 16 

gggaagcttc tgagcaaa^g aaatagg 



<210> 17 ' 

<211> 27 

<21.2> DNA 

<213> Artificial 

<220> 

<223> Primer 7 

<400> 17 

cccgaattcg tggtagatga atctgct 



<210> IB 

<211> 29 

<212> DNA 

<213> Artificial • 

<220> 

<223> Primer 8 

<400> IB 

cccgtcgact gcctcgccco 



aaatgttgt 
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